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National Environmental S a t e l l i t e  Service 

National Oceanic and Atmospheric Administration 
Washington, D. C. 

I ABSTRACT. Data a r e  cu r r en t l y  being received from 
a Ver t ica l  Temperature P r o f i l e  Radiometer (VTPR) 
aboard t h e  NOAA 2 spacecraf t  t o  produce opera t ional  
atmospheric soundings o f  temperature and humidity 
on a global  sca le .  This repor t  descr ibes  t h e  
VTPR instrument,  i t s  ca l i b r a t i on ,  t he  procedure 
t o  ob ta in  " c l ea r  radiances" from cloud-contaminated 

I radiance measurements, r e t r i e v a l  techniques used 
t o  ob ta in  temperature and humidity p r o f i l e s  from 
"c l ea r  radiances",  t h e  q u a l i t y  checks performed 
on these  p r o f i l e s ,  and t h e  various forms i n  which 
d a t a  a r e  ava i l ab le  t o  po t en t i a l  users .  

1. INTRODUCTION 

Beginning with t h e  NOAA 2 s a t e l l i t e ,  launched 15  October 1972, 
s a t e l l i t e s  of  t h i s  s e r i e s  w i l l  ca r ry  instruments t o  make rout ine  
observat ions from which atmospheric temperature soundings a r e  
derived. This i s  an opera t ional  system designed t o  provide glo- 
ba l  upper a i r  d a t a  t o  weather services.  The purpose of  t h i s  
r epo r t  i s  t o  descr ibe  t h e  means by which t h e  opera t ional  product 
i s  derived from s a t e l l i t e  measurements. Subsequent chapters  
desc r ibe  t h e  instruments,  ground support equipment, da t a  systems, 
mathematical developments, and t he  forms o f  f i n a l  products. 

Basic concepts of  i n d i r e c t  soundings from s a t e l l i t e s  have been 
t e s t e d  on t h e  Nimbus 3 and 4 s a t e l l i t e s .  A S a t e l l i t e  Infra-Red 
Spectrometer (SIRS) (Wark 1970, Wark and Hi l l ea ry  1969, and Wark 
e t  a1 . 1970 ) and an Infra-Red In ter ferometer  Spectrometer ( I R I S )  
(Conrath e t  a l .  1970, Hanel and Conrath 1969, and Hanel e t  a l .  

1972) were ca r r i ed  on each of these  s a t e l l i t e s .  Output s i gna l s  
from these  instruments provided measurements o f  t h e  thermal radi-  
a t i on  emitted by t h e  e a r t h ' s  atmosphere and surface.  These 
measurements can be r e l a t ed  t o  t he  v e r t i c a l  s t r u c t u r e  of  



temperature and humidity. A f u l l  d e s c r i p t i o n  o f  t h e  p r i n c i p l e s  o f  
measurement and d a t a  reduct ion  i s  given by F r i t z  e t  a l .  (1972). 

Following i n i t i a l  v e r i f i c a t i o n  o f  t h e  r e l i a b i l i t y  with which 
temperature p r o f i l e s  can be reproduced, t h e  r e s u l t s  from SIRS 
d a t a  were provided on a t imely b a s i s  t o  t h e  U.S.  National Weather 
Service  and were s e n t  through normal telecommunications t o  o t h e r  
weather s e r v i c e s  (smith e t  a l .  1972).  This quasi- operat ional  
procedure was commenced i n  May 1969 and continued with 
occas ional  i n t e r r u p t i o n s  u n t i l  t h e  implementation of  t h e  f u l l y  
opera t iona l  product from NOAA 2 .  

I n  a n t i c i p a t i o n  o f  t h e  i n c r e a s i n g  demand f o r  q u a n t i t a t i v e  wea- 
t h e r  observat ions  from s a t e l l i t e s ,  t h e  NASA and t h e  NOAA have 
planned and produced a system t o  o b t a i n  opera t iona l  soundings 
covering most a reas  o f  t h e  globe twice d a i l y .  Plans have spec i f-  
i c a l l y  d e a l t  with t h e  main d e t e r r e n t  t o  accura te  soundings - 
clouds. A s  w i l l  be shown, t h e  e f f e c t  o f  clouds can be overcome 
by conducting many measurements wi th in  t h e  a rea  from which a 
s i n g l e  sounding i s  derived.  Soundings a r e  obtained from a num- 
ber  o f  sets of measurements; S I R S  instruments  obtained only  
s i n g l e  s e t s  o f  measurements from which soundings were der ived.  
A s t a t i s t i c a l  technique (Smith e t  a l .  1972) permits  one t o  deduce 
t h e  emit ted r a d i a t i o n  from cloud- free areas .  

Each s a t e l l i t e  i n  t h e  NOAA s e r i e s  beginning with NOAA 2 w i l l  
c a r r y  Ver t i ca l  Temperature P r o f i l e  Radiometers (VTPRI s )  . 
Duplicat ion of  instruments  on each spacec ra f t  w i l l  assure  con- 
t inued opera t ion  i n  t h e  event one f a i l s .  The spacec ra f t  a r e  
descr ibed bv Schwalb (1972). 

NOAA s a t e l l i t e s  o r b i t  t h e  e a r t h  i n  78.3O re t rograde  o r b i t s  each 
115 minutes a t  an a l t i t u d e  o f  1464 km. Figure 1 shows t h e  e a r t h  
p r o j e c t i o n  o f  seven o r b i t s  dur ing  a 13-hour per iod.  So l id  l i n e s  
i n d i c a t e  t h e  nor th  t o  south,  o r  "descending1', po r t ions  o f  t h e  
o r b i t s ,  which occur over mostly s u n l i t  areas;  dashed l i n e s  a r e  
t h e  night t ime "ascending" por t ions  o f  t h e  same o r b i t s .  Equator 
c ross ings  o f  NOAA 2 occur a t  9 a.m. (descending node) and 9 p.m. 
(ascending node) l o c a l  s o l a r  t ime.  

VTPR instruments  scan perpendicular  t o  t h e  s a t e l l i t e  motion, 
from l e f t  t o  r i g h t  while  f ac ing  t h e  d i r e c t i o n  o f  t ravel ,  i n  23 
d i s c r e t e  s t eps .  F i e l d s  o f  view, scanning t imes,  and apparent 
motion on t h e  e a r t h  provide "spots"  which a r e  contiguous both 
across  and along t h e  o r b i t a l  t r ack .  I n  f i g u r e  1 the  shaded areas  
i n d i c a t e  t h e  a r e a l  coverage dur ing  two o r b i t s .  Darker shading 
i n d i c a t e s  a reas  where d a t a  a r e  redundant during t h e  two o r b i t s .  



Coverage o f  t he  ea r th  by VTPR i s  not  complete eqa to rward  of  
4g0 because t he  instrument scans only + 30.3O from the  l o c a l  nadir .  
A t  low l a t i t u d e s  as  l i t t l e  as  two- thirds o f  t h e  area  i s  observed, 
but  wi th in  a 24-hour period t he  combined ascending and descending 
por t ions  o f  t he  o r b i t s  provide near ly  complete coverage. 

A VTPR instrument observes each spot  i n  e igh t  spec t r a l  i n t e r -  
va l s  4 cm-l t o  16 cm-1 (.09 ym t o  .56 ym) wide. One i n t e r v a l  i s  
i n  t he  window a t  1 2  ym, s i x  a re  loca ted  i n  t h e  15  ym band o f  car-  
bon dioxide, and one i s  t he  19 wrn region where water vapor absorp- 
t i o n  dominates. After  a s e t  of  e igh t  spec t r a l  measurements has 
been obtained, t he  scan mirror  i s  stepped t o  t h e  next spot.  When 
the  2 3  spo t s  have been observed, t he  mirror  r e tu rns  t o  t he  o r i g i -  
nal  pos i t ion .  The p a t t e r n  r e s u l t i n g  from the  scanning i s  depic- 
t ed  i n  f igure  2 ,  which i s  an enlargement o f  t h e  small ou t l ined  
area  i n  f igure  1. Observations within t h i s  a rea  a r e  obtained 
i n  about f i v e  minutes. 

Analysis o f  t h e  d a t a  f i r s t  r equ i res  t h e i r  reduct ion t o  "c lea r  
radiances:' which a r e  spec t r a l  radiances t h a t  one would f ind  with 
completely c l e a r  sk ies .  A s  described i n  a l a t e r  sec t ion ,  d a t a  
a re  separated i n t o  boxes o f  adj acent spo t s ,  from which a s t a t i s -  
t i c a l  analys is  produces a s i ng l e  group o f  e igh t  radiances fo r  each 
box. Resul ts  a r e  used t o  r e t r i e v e  atmospheric p r o f i l e s -  

The scheme i n i t i a l l y  applied t o  t he  VTPR da t a  i s  shown i n  f ig-  
u re  2 .  Eight scan l i n e s  a re  divided i n t o  t h r ee  boxes of  8 x 8, 
8 x 7 and 8 x 8 spots .  Clear radiances a re  deduced fo r  t h r ee  
boxes ind ica ted  by XI s i n  t he  f igure .  A r e t r i e v a l  i s  made fo r  
each box. The dimensions o f  t h e  boxes a re  500 by 600 km and 700 
by 600 km fo r  t he  center  and s ide  boxes, respect ive ly .  New pro- 
cedures w i l l  be i n s t i t u t e d  t o  l o c a t e  r e t r i e v a l s  a t  t h e  cent ro ids  
o f  c l e a r  areas.  

Although t he r e  a r e  p o t e n t i a l l y  about 200 soundings per  o r b i t  
(2,600- d a i l y ) ,  severa l  f a c to r s  l i m i t  t h e  number t h a t  can be pro- 
vided t o  users .  These include excessive cloudiness,  which makes 
it impossible t o  ob t a in  s a t i s f a c t o r y  soundings i n  the  troposphere; 
multi- layered clouds, which reduce t he  r e l i a b i l i t y  of  c l ea r  r ad i-  
ances; high and var ied  t e r r a i n ,  which produces a s imi la r  e f f e c t ;  
and redundance over polar  regions.  

The National Environmental S a t e l l i t e  Service w i l l  continue t o  
improve t h e  scope and q u a l i t y  o f  soundings through an ac t i ve  de- 
velopment program. Occasional changes i n  t he  methods o f  deduc- 
i n g  soundings w i l l  be made, and anc i l l a ry  da ta ,  such as  those 
from t h e  Scanning Radiometer and from s t a t i s t i c a l  regress ions ,  



Figure 1.--Satellite tracks for NOAA 2 
VTPR coverage 



Figure 2.--VTPR scan pattern and data 
analysis array for box in Figure 1 



w i l l  be incorporated.  A s  s i g n i f i c a n t  a l t e r a t i o n s  a r e  made, and 
a s  parameters o f  newly launched instruments  a re  needed, supple- 
ments t o  t h i s  report w i l l  be i ssued .  

P a r t s  o f  t h i s  r e p o r t  were prepared by t h e  following personnel 
o f  t h e  National Environmental S a t e l l i t e  Service.  

Sec t ion  1 - In t roduc t ion  (D. ~ . W a r k )  
Sect ion  2 - Spacecraf t  (J.M. Siomkajlo and P.G. Abel) 

and Ground Equipment (L.M. McMillin) 
Sec t ion  3 - Data ~ e d u c t i o n  and Analysis 

A. Overa l l  Data Flow (A. Werbowetiki) 
B. Geographical Location o f  Data 

(L. A. Lauri  t son)  
C. C a l i b r a t i o n  Procedure (J. A. P r i t cha rd ,  

D.S. Crosby, D.Q. Wark and A. Werbowetzki) 
D. F i r s t  Guess F i e l d s  f o r  VTPR Data Proces- 

s i n g  (H. M. Wool f )  
E.  Procedure f o r  Obtaining Clear  Radiances 

(R.  Luebbe, L. A. Lauri tson,  and 
L.M. ~ c M i l l i n )  

F. Re t r i eva l  (M.P. Weinreb and H.E. Fleming) 
Sect ion  4 - Q u a l i t y  T e s t s  and Rejec t ion  Procedures 

(F.E. B i t t n e r  and C.M. Hayden) 
Sect ion  5 - Data Outputs and Archives (L.M. ~cMi1l i .n)  

2 .  SPACECRAFT AND GROUND EQUIPMENT 

A. Spacecraf t  

The Improved TIROS Operat ional  S a t e l l i t e  (ITOS) i s  a 1.02 x 
1.02 x 1.25 m, 336 kq spacec ra f t  designed t o  opera te  i n  a sun- 
synchronous po la r  o r b i t  a t  1464 km. Power i s  suppl ied by t h r e e  
1 .65 x .91 m s o l a r  panels ,  which a r e  extended i n  space. The 
D i g i t a l  Data Processor (DDP) rece ives  d a t a  from t h e  VTPR sensor  
and forwards them to  t h e  magnetic t a p e  recorders .  A flywheel i s  
used t o  r e s t r i c t  s a t e l l i t e  a t t i t u d e  e r r o r s  about t h e  p i t c h  a x i s  
t o  + 0.5O, and e l e c t r i c a l  c o i l s  a r e  used t o  c o r r e c t  r o l l  and yaw 
e r r o r s  ( ~ c h w a l b  1972).  

B. V e r t i c a l  Temperature P r o f i l e  Radiometer (VTPR) 

(1) Descript ion o f  t h e  Instrument 

The VTPR i s  a continuous day-night eight- channel sounding sys- 
tem. S i x  o f  t h e  e i g h t  channels a re  used t o  deduce radiances i n  
t h e  15 ym carbon d ioxide  band. Two o t h e r  channels a r e  used t o  



deduce radiances  a t  535 cm-1 ( i n  a water vapor absorpt ion band) 
and a t  835 cm-1 ( i n  an atmospheric window reg ion) ;  these  two 
radiances  a r e  used r e s p e c t i v e l y  t o  determine t h e  atmospheric 
humidity and t o  a c t  a s  a con t ro l  i n  t h e  determinat ion o f  c l e a r  
rad iances  f o r  t h e  o t h e r  seven channels (see Sect ion  3 . ~ ) .  The 
system i s  designed t o  permit  c a l c u l a t i o n  o f  t h e  v e r t i c a l  temper- 
a t u r e  p r o f i l e  from t h e  e a r t h 1  s su r face  t o  about 30 km, and t o  
o b t a i n  an es t ima te  o f  t h e  moisture  i n  t h e  lower troposphere.  

The o p t i c a l  system o f  t h e  VTPR instrument  c o n s i s t s  o f  a scan- 
ng mir ror ,  a 73.5 mm Cassegrainian te lescope ,  a chopper, and a 
l t e r  wheel ( a l l  shown i n  f i g .  3 )  ; and a d e t e c t o r  assembly 

(not  shown) which c o n s i s t s  o f  an I r t r a n  4 l e n s ,  a wide band a n t i -  
re f l ec t ion- coa ted  germanium window, and an uncooled pqrroelectric 
d e t e c t o r .  Broad a r e a l  coverage i s  obtained by scanning 30.3O 
(cen te r  o f  t h e  cen te r  scan spot  t o  t h e  cen te r  o f  t h e  o u t e r  scan 
s p o t )  from t h e  nad i r  d i r e c t i o n  i n  23 incremental  s t e p s  o f  approx- 
imately 2.7O ( f i g .  4 ) .  A t  each scan spot ,  measurements a r e  ob- 
t a i n e d  f o r  a l l  e i g h t  channels a s  t h e  f i l t e r  wheel completes one 
revolu t ion .  I n  o rde r  t o  provide image motion compensation, so 
t h a t  t h e  measurements f o r  a l l  e i g h t  channels cover t h e  same geo- 
graphica l  a rea ,  t h e  f i l t e r s  on t h e  f i l t e r  wheel a r e  arranged i n  
a s p i r a l  ( f i g .  5 ) .  

A black temperature- control led chopper provides a re ference .  
Radiat ion from t h e  a l t e r n a t i n g  s i g n a l  r e s u l t i n g  from successive 
views o f  t h e  chopper and t h e  scene i s  passed through one o f  t h e  
f i l t e r s  on t h e  f i l t e r  wheel and through an I r t r a n  4 l e n s  t o  t h e  
d e t e c t o r .  A mask between t h e  l e n s  and t h e  d e t e c t o r  l i m i t s  t h e  
f i e l d  o f  view t o  a 2.136O by 2.236O rec tangu la r  scan spot .  The 
p r o j e c t i o n  of  t h e  scan s p o t  on t h e  e a r t h ' s  su r face  i s  approxi- 
mately a square 55 km on a s i d e  when t h e  s a t e l l i t e  i s  viewing i n  
t h e  nad i r  d i r e c t i o n .  Scan spo t  s i z e  i n c r e a s e s  a t  l a r g e r  viewing 
angles  because o f  t h e  increased  d i s t a n c e  from t h e  e a r t h 1  s su r face  
t o  t h e  s a t e l l i t e  and t h e  curvature  o f  t h e  e a r t h  ( f i g .  4 ) .  

Measurements o f  s p e c t r a l  radiance must be accura te  i f  they a r e  
t o  be used t o  o b t a i n  atmospheric temperature p r o f i l e s .  The VTPR 
instrument  provides c a l i b r a t e d  radiance measurements ranging 
from zero t o  204.8 rnw/(m2 sr an- I ) ,  enabl ing t h e  instrument  t o  
measure equiva lent  source temperatures up t o  340 K. Maximum 
allowable r e l a t i v e  e r r o r  between any two channels o t h e r  than t h e  
nominal 668.5 cm-1 channel i s  0 . 2  5 mwAm2 sr ane1 ) . Maximum allow- 
ab le  r e l a t i v e  e r r o r  between t h e  nominal 668.5 cm-1 channel and 
any o t h e r  channel i s  0.7 5 rnw/(rna sr cm-1 )  o r  l e s s  . I n  o r d e r  
t o  avoid c e r t a i n  problems which can occur  when analog d a t a  a r e  
d i g i t i z e d  on t h e  spacec ra f t .  One d i g i t a l  count corresponds t o  
approximately 0.3 mw/ (m2 sr cm-1) . 



ISOMETRIC VIEW OF VTPR (Cow Removed; 

~ i g u r e  3.--View of a VTPR instrument (courtesy of RCA) 
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Figure 4.--VTPR scan spot geometry (courtesy of RCA) 



Figure 5.--VTPR filter wheel showing 
image motion compensation mask 
(courtesy of RCA) 



Analog ou tpu t  from t h e  d e t e c t o r  i s  d i g i t i z e d  i n t o  10 b i t s  o f  
b inary  da ta .  Scan spot  l o c a t i o n  i s  i d e n t i f i e d  by a  f i v e- b i t  
b inary  code, which i s  combined with t h e  radiometr ic  d a t a  and a  
p a r i t y  b i t  t o  form a  16- b i t  word, The r e s u l t i n q  d i g i t i z e d  d a t a  
from t h e  VTPR a r e  s t o r e d  i n  an output  r e q i s t e r ,  t r a n s f e r r e d  t o  t h e  
spacec ra f t  D i q i t a l  Data Processor,  and s to red  on tape .  D i g i t a l  
d a t a  from t h e  VTPR and o t h e r  spacec ra f t  components a r e  t r ans-  
mit ted  on one o f  four  channels o f  t h e  S-band l i n k  t o  t h e  ground. 

A s i n g l e  scan o f  t h e  VTPR instrument  t akes  12.5 s, o f  which 
11.5 s a r e  used t o  sample t h e  23 scan spots .  Measurements f o r  a l l  
e i g h t  channels a r e  obta ined  dur ing  t h e  0.5- s i n t e r v a l  allowed f o r  
each scan spot .  One second i s  requi red  f o r  t h e  mir ror  t o  r e t u r n  
t o  i t s  o r i g i n a l  pos i t ion ;  during t h i s  t ime measurements o f  var ious  
components needed f o r  c a l i b r a t i o n  a r e  recorded i n  pLace of  t h e  
16 radiance measurements. Output d a t a  f o r  a  normal scan l i n e  a r e  
summarized i n  t a b l e  1 of  appendix I .  When t h e  instrument i s  ope- 
r a t e d  i n  i t s  automatic c a l i b r a t i o n  mode, a  37.5-s c a l i b r a t i o n  se- 
quence i s  recorded ( rep lac ing  3 scans o f  normal d a t a )  every seven 
minutes. Data from t h i s  c a l i b r a t i o n  sequence a re  used i n  t h e  ca l-  
i b r a t i o n  procedure descr ibed i n  Sect ion  3  C. During t h i s  sequence, 
measurements o f  e l e c t r i c a l  vol tage  c a l i b r a t i o n ,  space c a l i b r a t i o n ,  
housing c a l i b r a t i o n ,  and housekeeping te lemetry a r e  d i g i t i z e d  and 
i n s e r t e d  i n t o  t h e  d a t a  stream. During regu la r  opera t ions ,  the  
c a l i b r a t i o n  sequence i s  i n i t i a t e d  only  once per  o r b i t  by d i r e c t  
command from t h e  ground. 

Table 1 shows t h e  nominal c h a r a c t e r i s t i c s  o f  t h e  e i q h t  f i l t e r s  
i n  t h e  VTPR instruments .  I n  column 1 ,  f i l t e r s  1-6 a r e  numbered 
according t o  t h e  opaqueness o f  t h e  atmosphere i n  t h e  r e spec t ive  
s p e c t r a l  i n t e r v a l s ,  so inc reas ing  numbers correspond t o  decreas-  
i n g  atmospheric opaqueness. This means t h a t  t h e  lower numbered 
f i l t e r s  pass  r a d i a t i o n  conta in ing  information about t h e  upper 
atmosphere and t h e  h igher  numbered f i l t e r s  a r e  used t o  measure 
t h e  atmospheric temperature near t h e  sur face .  The numbering sys- 
tem shown i n  column 1 i s  used i n  t h i s  r e p o r t .  Numbers i n  column 
2 show t h e  o rde r  i n  which t h e  f i l t e r s  a r e  mounted on t h e  f i l t e r  
wheel.  his sequence was chosen t o  minimize changes i n  s i q n a l  
l e v e l  between adj  acent  f i l t e r s ,  thereby minimizing t h e  e f f e c t s  o f  
any memory e r r o r s  p resen t  i n  t h e  instrument .  

A summary o f  t h e  VTPR parameters i s  given i n  t a b l e  2 ,  
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Table 1. --Nominal s p e c t r a l  i n t e r v a l s  f o r  VTPR f i l t e r s  

F i l t e r  F i l t e r  band pass  
F i l t e r  wheel Center wavelength Half-width Tenth-width 
number p o s i t i o n  (urn) ( cm-l) (an-1) (cm-1)  

Table 2 .  --Summary o f  VTPR parameters 

Parameter Nominal value 

S p e c t r a l  range 12-19 um 

Line r a t e  

F i e l d  o f  view 

Dynamic range 

s e n s i t i v i t y *  

D i g i t  a1 si gnal ou tput  

Data r a t e  

Primary f/number 

E f f e c t i v e  f/number 

S p e c t r a l  r e s o l u t i o n  

Scan-mirror ape r tu re  

0 t o  210 mW/ (m2 sr cm-1)  

0.25 mw/(rn2 sr cm-l) o r  less 

16  b i t s  

2 56 b i t s  / s  

f/3 

f/0.6 a t  t h e  d e t e c t o r  

See t a b l e  1 

3 i n .  



( 2 )  Spect ra l  Transmission Functions o f  VTPR F i l t e r s  

A l l  VTPR f i l t e r s ,  with t h e  exception o f  t he  Q-branch f i l t e r s  a t  
668.5 cm-l, were manufactured by t he  Opt ica l  Coating Laboratory, 
Incc. (OCLI) . Q-branch f i l t e r s  were made by Grubb-Parsons, Ltd. 
(GPL) , and by Spectrum Systems, Inc.  (SSI ) . Table 2 of  appendix 
I gives t h e  s e r i a l  numbers assigned t o  t h e  VTPR instruments on 
NOAA 2 ,  a s  well  a s  t h e  corresponding bes t  es t imates  of  f i l t e r  
spec t r a l  c h a r a c t e r i s i t c s .  

The importance o f  ob ta in ing  accurate  spec t r a l  da t a  and t h e  
d i f f i m l t y  o f  doing so implies  t h a t  t h e  manufacturer 's  o r i s i n a l  
da t a  should be v e r i f i e d  whenever possible .  Data f o r  a l l  i n s t ru-  
ment 1 f i l t e r s ,  except t h e  nominal 677.5 cm-I f i l t e r ,  were ob- 
ta ined a t  t he  NESS S a t e l l i t e  Experiment Laboratory (SEL) .  This 
was, unfortunately,  no t  poss ib le  f o r  those i n  o the r  instruments,  
f o r  which d a t a  on only  t he  535 crn-I f i l t e r s  were obtained a t  SEL. 

I n  t h e  SEL v e r i f i c a t i o n  procedure each o f  t h e  VTPR f i l t e r s  was 
mounted i n  a  spec ia l  holder  a t  7.50 away from t h e  normal t o  t he  
f/10 beam i n  a  Beckman IR-7 spectrometer. The holder  was r i q id-  
l y  mounted t o  t he  spectrometer so t h a t  t he  7.5O angle was accu- 
r a t e  t o  b e t t e r  than + 0.3O. F i l t e r  temperature was s e t  near 
35C, t y p i c a l l y  wi th in  - + 0.5C, and t he  instrument was purged con- 
t inuously  with pure dry ni t rogen.  Single  beam mode, with a  
spec t r a l  r eso lu t ion  o f  between 0.8 and 1.0 cm'l, was chosen fo r  
a l l  t h e  runs. This reso lu t ion  causes a  small but  s i g n i f i c a n t  
convolution d i s t o r t i o n  i n  t he  case o f  t h e  Q-branch f i l t e r  only. 
However, t h i s  d id  not se r ious ly  a f f e c t  t h e  comparison with t he  
manuf ac tu r e r l  s data ,  which were s imi l a r l y  d i s t o r t ed .  The d i s t o r-  
t i o n  i s  always i n  t h e  d i r e c t i o n  of  a  l e s s  de s i r ab l e  f i l t e r  pro- 
f i l e .  Thus, f i l t e r s  whose measured p r o f i l e s  meet t he  specifics- 
t i o n s  a r e  acceptable.  

Spec t ra l  c a l i b r a t i o n  o f  t he  spectrometer was achieved using 
known carbon dioxide absorpt ion l i n e  pos i t ions  between 577 and 
959 cm-1. For t h e  l a t t e r  region o f  weak absorption, a  White c e l l  
with an o p t i c a l  path length  of  10 m was used. The c a l i b r a t i o n  
runs were made as  c lose ly  a s  poss ib le  i n  t i m e  t o  t he  da t a  runs,  
bu t  sometimes t he r e  was an overnight  delay. 

The spectrometer output  was recorded i n  analog form on a char t  
recorder  and i n  d i g i t a l  form on a tape  recorder .  The tape  record 
was processed t o  provide a  computer-drawn p l o t  o f  transmission a s  
a  funct ion o f  ind ica ted  (uncal ibra ted)  wavenumber. 



Table 3 o f  appendix I p resen t s  comparative f i g u r e s  on s

p

ect ra l  
c h a r a c t e r i s t i c s  obta ined  from a l l  sources o f  da ta .  Agreement i s  
always w i t h i n  t h e  noise  l e v e l  o f  t h e  measurements except f o r  t h e  
535 cm-1 f i l t e r .  In  t h i s  case,  t h e r e  i s  a s i g n i f i c a n t  disagree-  
ment i n  cen te r  wavenumber, most probably caused by an unadvoid- 
ably incomplete c a l i b r a t i o n  o f  t h e  SEL spectrometer.  The O C L I  
f i g u r e s  have t h e r e f o r e  been accepted f o r  t h e  cen te r  wavenumber o f  
t h a t  f i l t e r .  In  add i t ion  t o  us ing  C02 l i n e  p o s i t i o n s  near 690 
cm-1, t h e  OCLI spectrometer was a l s o  c a l i b r a t e d  with t h e  water 
r o t a t i o n  l i n e  a t  525.97 cm-1 (vacuum). 

Appendix I1 conta ins  t h e  b e s t  es t imates  o f  t h e  f i l t e r  spec- 
t r a l  c h a r a c t e r i s t i c s  i n  instruments  1 through 4. They a r e  uncor- 
rec ted  f o r  convolution d i s t o r t i o n .  The curves were ca lcu la ted  
s o l e l y  from t h e  O C L I  c h a r t  t r a c e s .  Poin ts  were taken from t h e  
curves about every 0.4 cm-l and. smooth curves were f i t t e d  t o  t h e  
po in t s  by means o f  s p l i n e  funct ions.  

C. Other Spacecraf t  Equipment 

The NOAA 2 s a t e l l i t e  c a r r i e s  a two-channel Scanning Radiometer 
(SR), a Very High Resolution two-channel scanning Radiometer 
(VHRR) , and a Solar  Proton Monitor (SPM) i n  add i t ion  t o  t h e  VTPR 
instrument  (Schwalb 1972 ) . Sea-surface temperatures,  which a re  
used i n  t h e  VTPR d a t a  processing,  a r e  der ived  from S R  measure- 
ments covering t h e  10.4-12.5 km s p e c t r a l  i n t e r v a l .  The SR i n-  
strument views a smaller  a rea  than t h e  VTPR instrument  and thus  
h a s  a b e t t e r  chance o f  r ece iv ing  r a d i a t i o n  from a cloud- free area.  
S t a t i s t i c a l  techniques a r e  used t o  i d e n t i f y  t h e  measurements t h a t  
a r e  cloud- free,  and t h e  cloud- free radiances a r e  used t o  deduce 
t h e  ocean su r face  temperature. 

D. Ground Equipment 

Ground equipment requi red  f o r  t h e  VTPR d a t a  processing c o n s i s t s  
o f  two readout s t a t i o n s  (Wallops, Virg in ia  and Gilmore, Alaska);  
communication l i n e s  connecting t h e  readout s t a t i o n s  t o  t h e  NOAA/ 
NESS d a t a  processing and ana lys i s  f a c i l i t y  i n  Sui t l and ,  Maryland; 
and t h e  following types  o f  processing equipment and computers a t  
Sui tl and : 

RCA Modulator - Demodulator (MODEM) 2270678-501 
EMR 2721 - s i g n a l  condi t ioner  
EMR 2731 - PCM frame synchronizer 
EMR 6130 - computer 
CDC 6600 - computer. 



3. Data Reduction and Analysis 

A. Overal l  Data Flow 

The VTPR d a t a  flow and software system cons i s t s  o f  s i x  major 
computer programs. Figure 6 shows t he  individual  program modules 
and t h e i r  r e l a t i onsh ip  wi th in  t h e  flow system from the  spacecraf t  
t o  da t a  users .  

While t h e  NOW 2 s a t e l l i t e  i s  above t h e  horizon o f  e i t h e r  o f  
t he  two readout s t a t i o n s ,  t he  d i g i t a l  da t a  a re  played back from 
an onboard Scanning Radiometer Recorder (SRR) and immediately for-  
warded v i a  communication l i n e s  t o  t h e  NOAA/NESS da t a  processing 
and ana lys i s  f a c i l i t y  i n  Sui t l and ,  where they a r e  demodulated by 
t h e  MODEM and passed on t o  t he  EMR computers f o r  i n i t i a l  proces- 
sing.  The VTPR d a t a  a r e  separated from the  o the r  spacecraf t  da t a  
and f i n a l l y  w r i t t e n  on an output  d i g i t a l  magnetic tape  by t he  
Inges t  Program i n  t h e  EMR 6130 computer. Normally, one o r b i t  of  
d a t a  i s  processed fo r  each readout. However, once each day t h e  
s a t e l l i t e  does not  appear above the  horizon a t  e i t h e r  o f  t he  two 
readout s t a t i o n s  during one o r  two o r b i t s ,  and it i s  necessary t o  
s t o r e  these  o r b i t s  o f  d a t a  on t he  spacecraf t  u n t i l  t he  next read- 
ou t .  In  these  cases,  up t o  209 minutes o f  VTPR da t a  may be re-  
corded on one output  tape,  and two tapes  may be required t o  re-  
cord a l l  t he  data .  

A sequence of  programs i s  executed on each output  tape  from the  
EMR 6130. The f i r s t  program computes t h e  geographical l oca t i on  
o f  each v e r t i c a l  sounding t o  be produced. Data concerning the  
instrument s t a t u s  and condit ion a r e  then analyzed, and parameters 
such a s  e l e c t r i c a l  gain and standard devia t ions  a re  checked and 
v e r i f i e d  t o  be within acceptable l i m i t s .  Following t he  proce- 
dures described i n  s e c t i o n  3 .  B ,  radiance values are  computed and 
passed, together  with appropr ia te  e a r t h  l oca t i on  and time i n fo r-  
mation, t o  t h e  next program. An archive tape  containing t he  
ear th- located  radiances a l so  i s  generated. 

The Clear Radiance Program opera tes  next  t o  e l iminate  t he  
e f f e c t s  o f  clouds. I t  s t a t i s t i c a l l y  computes an equivalent  c l ea r  
radiance fo r  an a rea  by comparisons o f  adjacent  scan spots ,  u t i -  
l i z i n g  knowledge o f  sea- surface temperature (obtained independent- 
l y  from t h e  Scanning Radiometer da t a )  and an approximate f i r s t  
guess v e r t i c a l  temperature s t r u c t u r e  (obtained from climatology 
and a recen t  fo recas t  o r  ana ly s i s ) .  Earth- located c l e a r  r ad i-  
ances a re  generated and added t o  the  archive tape.  The da t a  are  
then used t o  r e t r i e v e  temperature p r o f i l e s .  



COMMAND AND DATA I DATA PROCESSINQ AND ANALYSIS FACILITY 
ACQUISITION STATION 

GILMORE CREEK, ALASKA I SUITLAND, MARYLAND 

VTPR DATA 
FROM NOAA, 2 

I 
I 
I 

I 
1 f 

0 R 
WALLOPS, WRGlMA I 

I 

C DA 

Figure 6.--VTPR software system 

L 

I ,  I I 
STATION 

- A I - I LOCATE RADIANCES 

I ) 
INGEST I FORMAT 

LINK - ' AND 

i DATA 
AND CONVERT, - - ~ 

EARTH 
- 

DATA TO 
PROFILES AND 

- DETERMINE 
CLEAR 

RADIANCES 

CALCULATE 
TEMPERATURE 
AND HUMIDITY 

I I 
i HEIQHTS 

I I 
I ARCHIVE I 

~ E M R  6130  CDC 6000 

/.OMPUTER I COMPUTER 
I 
I 

I I 
I 

I I 
I I 

I 
I 
I 

L= 
AJCHIVE 11 9 

WCHIVE ax P - QUALITY 
CHECKS AND - OUTPUT 



The Re t r i eva l  Program uses  t h e  f i r s t  guess temperature p r o f i l e ,  
a f i r s t  guess humidity value, and atmospheric t ransmit tance val-  
ues t o  compute t h e  v e r t i c a l  atmospheric p r o f i l e s  from the  input  
o f  c l e a r  radiances.  

The f i n a l  output  da t a  a re  q u a l i t y  checked and reformatted onto 
t h r ee  magnetic tapes .  One tape  i s  forwarded t o  t he  National 
Meteorological Center (NMC) f o r  inpu t  t o  t h e i r  numerical analys is  
and p r imi t ive  equat ion (PE) fo recas t  model. The second tape  i s  
given t o  t h e  National Weather Service communications center  f o r  
t ransmission t o  users .  Data t h a t  pass t h e  q u a l i t y  check a r e  
added t o  the  archive tape,  which i s  then t ransmit ted  t o  o the r  
u se r s  (Goddard I n s t i t u t e  fo r  Space Studies ,  f o r  example) and t o  
t he  permanent archive o f  t he  NOAA Environmental Data Service.  

B. Geographical Location o f  Data 

Earth l oca t i on  o f  t he  da t a  i s  performed i n  two steps.  The f i rs t  
s t e p  i s  performed i n  an Earth Location Program, which ca l cu l a t e s  
l a t i t u d e s  and longi tudes  fo r  cen te r s  of  t h e  areas  fo r  which VTPR 
temperature and humidity p r o f i l e s  a re  t o  be ca lcula ted .  The sec- 
ond s t e p  i s  performed a s  a subroutine of  t h e  c a l i b r a t i o n  program. 
This subroutine ca l cu l a t e s  t h e  l oca t i ons  of  t he  VTPR scan spo t s  
i n  t he  g r id  on which t he  sea- surface temperatures a re  provided. 

The loca t ion  o f  a scan spot  i s  determined by a point  c a l l ed  the  
sensor p r i nc ipa l  point .  This po in t  i s  t he  center  of  a scan spot  
on a plane surface  perpendicular t o  the  viewing angle o f  the  in-  
strument. Because o f  t he  curvature o f  t he  ea r th ,  t h i s  point  i s  
t h e  exact  center  o f  a scan spot  only when t h e  instrument i s  view- 
i n g  along t h e  l o c a l  nadir .  In  t he  ea r th  l oca t i on  procedure, pr in-  
c i p a l  po in t s  a re  ca lcu la ted  fo r  spots  5, 1 2 ,  and 19 o f  the  fourth 
o f  e i g h t  scan l i n e s  ( f i g .  9 ) .  To l oca t e  these  p r inc ipa l  po in t s ,  
t he  s a t e l l i t e  pos i t ion ,  t he  s a t e l l i t e  a t t i t u d e ,  t he  sensor mount- 
i n g  pos i t ion ,  and t h e  mirror  pos i t ion  must be known. At t i tude  
information i n  t h e  form of 4 m a x  and h (RCA 1972) i s  supplied 
by t he  S a t e l l i t e  Operations Control Center (SOCC) ; imax i s  the  
maximum r o l l  angle during an o r b i t ;  and h i s  the  angle from the  
ascending node t o  t he  po in t  o f  maximum yaw. Values o f  imax and 
h are  e a s i l y  converted t o  r o l l  and yaw angles. The SOCC attempts 
t o  cont ro l  ima, t o  wi th in  0 .  to lerance ,  with a maximum e r r o r  of 
about lo. The p i t c h  to le rance  i s  genera l ly  kept  t o  wi th in  0.5O. 

Weekly o r b i t a l  element d a t a  a re  supplied by t h e  NASA. These 
da ta  and t he  General E l e c t r i c  o r b i t a l  p red ic to r  package (Brower 
1959, and Lyddane (1963) a r e  used t o  determine s a t e l l i t e  pos i t ion .  
Once t he  s a t e l l i t e  pos i t ion  i s  determined, a s e r i e s  o f  matr ix 



r o t a t i o n  and vector  addi t ions  a r e  used t o  compute t h e  p r inc ipa l  
po in t  l a t i t u d e  and longitude ( f i g s .  7 and 8 ) .  These r o t a t i o n s  
convert t h e  geocentr ic  p r inc ipa l  po in t  t o  a  pos i t i on  i n  a  geodet- 
i c  coordinate system, and include correc t ions  fo r  s a t e l l i t e  a l t i -  
tude, s a t e l l i t e  posi  t i on ,  sensor mounting pos i t ion ,  and mirror  
posi t ion .  

Sea-surface temperatures from t h e  S R  a r e  ava i l ab le  fo r  i and j 
po in t s  o f  a  square g r i d  superimposed upon a  po la r  s tereographic 
projec t ion .  Pos i t ions  o f  t he  bench marks ( f i g .  9 )  a r e  ca lcu la ted  
fo r  t he  VTPR l oca t i on  and converted t o  pos i t ions  on t he  polar  
g r id .  Temperatures o f  intermediate  boxes are  obtained from t h e  
polar  g r i d  us ing coordinates  obtained by i n t e rpo l a t i on  from the  
known bench mark coordinates.  

C. Cal ibra t ion  Procedure 

Cal ibra t ion  o f  t h e  VTPR sensor d a t a  involves two procedures. 
The f i r s t  i s  a  pre-launch ground ca l i b r a t i on  o f  t h e  instrument; 
t he  second i s  used a f t e r  launch t o  ad jus t  t h e  ca l i b r a t i on  fo r  
changes i n  the  spacecraf t  opera t ing  conditions.  

During t h e  f i r s t  procedure each VTPR instrument i s  ca l i b r a t ed  
by being exposed t o  an ex te rna l  reference source. The i n t e r n a l  
source i s  not  a  standard and must the re fore  be ca l i b r a t ed  agains t  
.a standard source. This i s  accomplished by c a l i b r a t i n g  t he  in-  
t e r n a l  source with an ex te rna l  source which, i n  turn ,  has been 
checked with. a standard. 

Cal ibra t ions  o f  t h e  VTPR a re  based on the  ex te rna l  sources used 
during thermal-vacuum t e s t s  on t he  ground. The honeycombed ex- 
t e r n a l  sources used i n  the  c a l i b r a t i o n  have provisions fo r  main- 
t a in ing  any f ixed temperature between 180 K and 340 K. S ix  ther-  
mocouples a re  used t o  measure t h e  temperature; they i nd i ca t e  t h a t  
thermal gradients  a re  l e s s  than 0.1 K across t he  surface  o f  t h e  
source. These ex te rna l  sources have been compared with the  low 
temperature blackbody reference  o f  t h e  Canadian National Research 
Council (NRC) (Bedford 1970),  using ca l i b r a t ed  thermopile detec- 
t o r s  a s  t r a n s f e r  s tandards (Hi l leary  e t  a l .  1969).  Thermopile 
output  f o r  t h e  VTPR references  read 1 + 0.5% higher  than t h e  out-  - 
put  from the  NRC reference.  

During t he  c a l i b r a t i o n  o f  t he  VTPR i n t e r n a l  source, two of  t he  
ex te rna l  sources were placed i n  t h e  "ear th"  pos i t ion  so t h a t  they 
f i l l e d  t he  f i e l d  o f  view fo r  scan spots  1 and 2 3 ,  t he  extreme 
mirror  pos i t ions .  With t he  instrument temperature and t he  scan 
pos i t ion  fixed, a  c a l i b r a t i o n  was performed by varying t he  



H I K  = r o l l ,  p i t ch ,  and yaw ro t a t i on  
K = pr incipal  point  o f  a  VTPR da t a  spot  
KOM = geocentr ic  l a t i t u d e  of  p r inc ipa l  point  
KLM = geodetic l a t i t u d e  of  p r inc ipa l  point  
CKM = mderdian through K 

Figure 8. -- Location of  p r inc ipa l  po in t  showing e f f e c t  of 
r o l l ,  p i tch ,  and yaw e r r o r  



A = ascending node o f  o r b i t a l  plane 
C = north pole  
F = geocent r ic  s u b s a t e l l i t e  po in t  
I = s a t e l l i t e  p o s i t i o n  
AFE = geocent r ic  s u b s a t e l l i t e  po in t  t r a c k  
J H F C  = meridian through F 
BOD = r i g h t  ascension o f  o r b i t a l  plane 
COE = i n c l i n a t i o n  of o r b i t a l  plane 
AOF = Q(ang1e from ascending node t o  geocent r ic  s a t e l l i t e  

p o i n t  
FOH = e2 and AFH = el, angles t o  c o r r e c t  geocent r ic  s u b s a t e l l i t e  

p o i n t  t o  geodet ic  s u b s a t e l l i t e  po in t  
F O J  = geocent r ic  s u b s a t e l l i  t e  l a t i t u d e  
HGJ = geodet ic  s u b s a t e l l i  t e  l a t i t u d e  

Figure 7. --Location o f  s a t e l l i t e  p o s i t i o n  
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Fiqure 9. --VTPR scan pa t t e rn  showina bench marks (XI s )  
used f o r  l oca t i ng  SR da ta  



temperature o f  one o f  t h e  e x t e r n a l  sources i n  s t e p s  between 180 K 
and 340 K. This procedure was repeated f o r  a s e r i e s  o f  instrument 
temperatures.  During t h i s  c a l i b r a t i o n  process ,  t h e  VTPR was put  
i n t o  i t s  automatic c a l i b r a t i o n  mode a number o f  t imes t o  allow 
comparison o f  t h e  i n t e r n a l  source with t h e  e x t e r n a l  secondary 
s tandards.  

The second procedure i s  performed when an instrument  i s  i n  
space. Then, t h e  only r a d i a t i o n  references  a r e  tile i n t e r n a l  
blackbody source a t  t h e  nominal temperature o f  t h e  instrument 
and a view o f  space. A t  t h e  wavelengths used i n  t h e  VTPR, 
a space view e f f e c t i v e l y  h a s  zero radiance.  For a l i n e a r  system, 
two references  provide s u f f i c i e n t  information t o  c a l i b r a t e  t h e  
ou tpu t  o f  t h e  instrument  i n  physical  u n i t s  when i t  i s  viewing t h e  
e a r t h .  A r e l a t i o n s h i p  between source radiance and t h e  d i g i t a l  
ou tpu t  o f  VTPR i s  given by 

where I = radiance 
a, b = c a l i b r a t i o n  c o e f f i c i e n t s  

c = VTPR ou tpu t  i n  counts 
i = s p e c t r a l  i n t e r v a l  
j = source i d e n t i  f i e r  (space o r  i n t e r n a l  ) , 

The l i n e a r i t y  o f  t h e  ou tpu t  implied by eq (1) i s  an i n t e g r a l  
p a r t  o f  t h e  instrument  design, and has  been v e r i f i e d  by t e s t s  of  
each instrument.  

I n  the  normal ea r th- d i rec ted  views, spo t s  1-23, t h e  c o e f f i c i e n t s  
r l  and I1bl1 f o r  t h e  i t h  channel a r e  determined from 

and 
3 

where T = 1.0 
0 

TI = primary o p t i c s  (counts)  

T2 = secondary o p t i c s  (counts)  

T3 = shroud (counts)  , 

The l a s t  t h r e e  terms i n  eq ( 2 )  account f o r  t h e  con t r ibu t ions  of 



each phase o f  t h e  c a l i b r a t i o n  sequence ( e l e c t r i c a l  s t a i r c a s e ,  
space view, and patch view).  

Instrument temperature d a t a  recorded dur ing  t h e  one-second re-  
t r a c e  per iod a re  i d e n t i f i e d  by a f i v e- b i t  b inary  code. P r i o r  t o  
launch, each instrument  was a r b i t r a r i l y  assigned i d e n t i  f i e r  code 
24 o r  25. During t h e  one-second r e t r a c e  i n t e r v a l  o f  each mir ror  
scan, output  counts from t h e  probes measuring t h e  primary o p t i c s ,  
secondary o p t i c s ,  and shroud temperatures,  a 24-bit  time code, and 
a frame synchronizat ion i d e n t i f i e r  a r e  recorded. 

D. F i r s t  Guess F i e l d s  f o r  VTPR Data Processing 

When desc r ib ing  t h e  na tu re  and source o f  f i r s t  guess f i e l d s  
u t i l i z e d  i n  VTPR d a t a  processing,  it i s  convenient t o  d iv ide  t h e  
e a r t h  i n t o  t h r e e  geographical regions:  (1) t h a t  por t ion  o f  t h e  
Northern Hemisphere north o f  1 8 O ~  ( h e r e a f t e r  i d e n t i f i e d  as  NH) ; 
( 2 )  t h e  a rea  between 1 8 O ~  and 180s ( h e r e a f t e r  i d e n t i f i e d  as  
t r o p i c s ) ;  and (3)  t h e  Southern Hemisphere south o f  18OS (SH)  . 

(1) Northern Hemisphere 

Guess f i e l d s  f o r  t h e  NH a r e  ex t rac ted  from t h e  opera t iona l  fore-  
c a s t  o f  t h e  National Meteorological Center. The f i e l d s  used  and 
t h e  time i n t e r v a l s  a t  which f o r e c a s t s  a r e  a v a i l a b l e  a r e  l i s t e d  
i n  t a b l e  5 o f  appendix I. 

When f o r e c a s t s  a r e  a v a i l a b l e  f o r  a given f i e l d ,  t h e  fo recas t  
n e a r e s t  i n  time t o  t h a t  o f  t h e  s a t e l l i t e  observa t ion  i s  used. 

The f i e l d s  a r e  read from system d i s k  (permanent f i l e s )  and 
s t o r e d  i n  Extended Core Storage (ECS) .  To cons t ruc t  a guess pro- 
f i l e  f o r  a p a r t i c u l a r  VTPR observat ion  po in t ,  t h e  f i e l d s  a r e  read 
i n t o  c e n t r a l  memory from ECS, and a value f o r  each parameter i s  
i n t e r p o l a t e d  t o  t h e  VTPR l o c a t i o n  from t h e  four  surrounding g r i d  
po in t s .  The p o r t i o n  o f  t h e  guess temperature p r o f i l e  above 10 m b  
i s  generated by reg ress ion  a s  explained i n  3. F. 

( 2 )  Tropics 

For t h e  t r o p i c s ,  radiosonde d a t a  averaged over  an appropr ia te  
two-month period provides t h e  guess temperature pro f i l e ;  regres-  
s ion  es t ima tes  a r e  employed t o  e s t ima te  t h e  r e l a t i v e  humidity. 

( 3  ) Southern Hemi sphere 

I n  t h e  Southern Hemisphere, a feedback technique i s  used t o  gen- 
e r a t e  guess temperature f i e l d s  up t o  10 m b .  The r e t r i e v e d  VTPR 



components of  t he  VTPR t o  t h e  r ad i a t i ve  f l ux  a t  t he  detec tor .  
Emissions o f  these  components are  temperature dependent, but  be- 
cause o f  t he  narrow range o f  opera t ing  temperature fo r  these  com- 
ponents, t h e i r  cont r ibut ions  t o  t he  f lux  may be taken t o  be a  
l i n e a r  function of  temperature. Values o f  t h e  coe f f i c i en t s  Aik 
and Bik a re  determined by regress ion from da t a  obtained during 
p re- f l igh t  thermal vacuum t e s t s ,  us ing output  counts from the  VTPR 
and t h e  various thermal probes l i s t e d  i n  eq ( 2 ) .  I n  space, values 
o f  Tk fo r  these  components a re  obtained fo r  each scan during t h e  
r e t r a c e  period. Since these  temperatures are obtained duringeach 
scan, t he  values o f  a i  and b i  can change during an o r b i t  t o  corn- 
pens a t e  fo r  changing condit ions on the  s a t e l l i t e .  

The values o f  a i  and bi given by eq (2  ) are  pe r iod ica l ly  checked 
while t he  instrument i s  i n  space. During ca l i b r a t i on  checks i n  
space, t he  VTPR views space, i d e n t i f i e d  a s  spot 27, and the  i n t e r -  
nal  source ( 'Ipatch"),  spot  28. These views provide da t a  f o r  the  
r e l a t i ons :  

and 

where B(vi,T ) = Planck radiance a t  v and T 
31 i 31 

v i  = spec t r a l  i n t e r v a l  

T31 
= temperature of,  t h e  "patch" 

- 
'i 27 

and = average counts during t h e  lrspace'l and 
28 views a t  v i .  

This procedure provides a  check o f  the  values o f  a i  and bi. When 
the  values do not check the  coe f f i c i en t s  i n  eq ( 2 )  a r e  adjusted. 
A s  a  l a s t  r e s o r t  t h e  instrument may be placed i n  an automatic ca l-  
i b r a t i o n  mode, values o f  a i  and b i  w i l l  be determined from eq (3 ) ,  
and new coe f f i c i en t s  w i l l  be generated fo r  eq ( 2  ) . 

Data fo r  t he  c a l i b r a t i o n  check a re  provided during a  ca l ibra-  
t i o n  sequence. This sequence ( t a b l e  4 o f  appendix I )  l a s t s  f o r  
37.5 seconds. In  t h e  automatic c a l i b r a t i o n  mode, t he  instrument 
ob ta ins  ca l i b r a t i on  d a t a  approximately every 7  minutes throughout 
t h e  o r b i t .  Normally, the  VTPR i s  commanded t o  ob ta in  ca l i b r a t i on  
da t a  only once per o r b i t .  During a  c a l i b r a t i o n  sequence, an 
e l e c t r i c a l  c a l i b r a t i on  i s  performed us ing t h e  s t a i r c a s e  vol tage 
counts t o  ve r i fy  t h e  l i n e a r i t y  and s t a b i l i t y  of  t he  e l ec t ron i c  
c i r c u i t r y .  Also, means and standard devia t ions  a r e  computed fo r  



p r o f i l e s  f o r  a given day, together  with o the r  ava i l ab le  upper a i r  
da ta ,  a r e  used a s  inpu t  t o  a mult i- level  ob jec t ive  ana lys i s  pro- 
gram, whose output,  i n  t he  form of  g r i d  po in t  da ta ,  provides t he  
f i r s t  guess f i e l d s  fo r  t h e  subsequent day ' s  VTPR d a t a  processing. 
Humidity information i s  provided by regress ion est imates.  

E . Procedure f o r  Obtaining Clear Radiances (program CLRAD) 

(1) Mathematical J u s t i f i c a t i o n  

To e l imina te  t he  e f f e c t  o f  clouds on t h e  r e t r i eved  temperature 
pro f i l e s ,  a s i ng l e  cloud- free o r  l lc lear l l  r ad i  ance i s  produced 
from measurements obtained from a number o f  scan spots.  The re-  
s u l t i n g  ' lc lear l l  radiances a r e  then used t o  ob ta in  temperature pro- 
f i l e s .  radiances fo r  a 7 x 8 o r  an 8 x 8 box o r  subarray 
a re  obtained from t h e  measured radiances o f  t he  scan spots  and the  
sea-sur face temperatures provided by d a t a  from the  Scanning Radi- 
ometer ( S R ) .  They a r e  obtained using a technique suggested by 
Smith i n  F r i t z  e t  a l .  (1972), and i n  Smith e t  a l .  (1970). 

For an area  t 5 a t  i s  p a r t l y  cloud covered, t h e  radiance can be 
expressed a s  

v .  ) i s  t h e  radiance o f  where N i s  t h e  f r a c t i o n a l  cloud cover, Icy ( 1 
t h e  cloudy areas ,  I c l r ( v i )  i s  t h e  radiance o f  t h e  c l e a r  areas,  
and v i  i s  t h e  c e n t r a l  wavenumber o f  spec t r a l  i n t e r v a l  i. The term 
k y ( v i )  can be w r i t t e n  a s  

where E (v i )  i s  t h e  cloud emiss iv i ty  and I c ld  (vi) i s  t he  radiance 
o f  a completely opaque cloud. Using eq (5)  t o  s u b s t i t u t e  fo r  
I , ~ ( V ~ )  i n e q  (4)  l eads  t o  

where a ( v i ) ,  t h e  product o f  t h e  f r ac t i ona l  cloud cover and t he  

emiss iv i ty ,  i s  given by 

I n  t h e  s p e c t r a l  region covered by t h e  VTPR, clouds can be assumed 
t o  be grey, so cu i s  the re fore  independent o f  wavenumber. I f  t he r e  



a re  two adjacent  scan areas  with d i f f e r e n t  values of  ar but with 
t h e  same values o f  I C l d ( v i )  and IC l r (V i ) ,  then, f o r  a given spec- 
t r a l  i n t e r v a l ,  a separa te  equation can be wr i t t en  fo r  each of  the  
two adj acent areas  

and 

where t h e  subscr ip t s  1 and 2 denote two areas.  Elimination o f  
I C l d ( V i )  from eqs (8)  and (9) gives 

The atmospheric t ransmit tance f o r  spec t r a l  i n t e r v a l  8, which i s  
i n  an atmospheric window, i s  c lose  t o  uni ty .  The radiance fo r  
t h i s  spec t r a l  i n t e r v a l  i s  only s l i g h t l y  af fec ted  by the  atmosphere, 
so a very good approximation o f  the  value of  Iclr (v8) can be com- 
puted using t h e  f i r s t  guess atmospheric p r o f i l e s  o f  temperature 
and humidity and t he  surface  temperature obtained from the  S R  data .  
With a value o f  Iclr(V8),  t he  r a t i o  a2 (Vi)/al ( v i )  can be obtained 
from eq (10) .  Since t he  r a t i o  i s  independent of  wavenumber, t he  
value o f  t he  r a t i o  obtained f o r  v8 can be used i n  eq (10) t o  ob- 
t a i n  values o f  Iclr ( v i )  f o r  t h e  o the r  spec t r a l  i n t e rva l s .  W r i t -  
i n g  eq (10) f o r  V8 and some o the r  Vi, and e l iminat ing  t he  r a t i o  

( v i ) / @ l  (v i )  g ives 

The r i g h t  hand s ide  o f  eq (11) i s  t he  s lope o f  a l i n e  containing 
t h e  po in t s  [ I c l r  ( V i ) .  Iclr ( ~ 8 )  ] and [I1 (Vi) ,  I2 (v8) 1. Graphically 
(see f i g .  l o ) ,  t he  t h r ee  po in t s  [ I c l r  ( v i )  Iclr ( ~ 8 )  1 I [ I 1  ( v i )  , 11 (vg) 1 
and [ I2  (v i )  , I2 (v8) 1 l i e  on a s t r a i g h t  l i n e  t h a t  can be determined 
from t h e  measured values o f  I ~ ( v ~ ) , I ~ ( v ~ ) , I ~ ( v ~ )  and 12(V8). The 
value o f  Iclr (vi ) can then be found from t h e  known value o f  
T c l r  (us) . When c a l c ~ l a t i n g  values of  Iclr (vi ) , radiances from 
adjacent  spo t s  with d i f f e r e n t  nadi r  angles a r e  adjusted t o  a corn- 

- 

mon nadir  angle as  described l a t e r .  



Figure 10.--Procedure for determining 
clear radiances 



(2 ) Operational Procedures 

To reduce t he  noise l e v e l  o f  t he  deduced c l e a r  radiances,  
Iclr ( v i  ) , values from a number of adj acent p a i r s  a re  combined. 
Figure 2 shows t he  scanning pa t t e rn  o f  t h e  instrument.  Data from 
e igh t  successive scans a r e  used t o  ob ta in  t h r ee  temperature pro- 
f i l e s .  Figure 2 a l so  shows how t h e  23 x 8 scan spo t s  are  divided 
t o  form two 8 x 8 subarrays and one 7 x 8 subarray f o r  which 
t h r ee  temperature p r o f i l e s  a r e  ca lcula ted .  

Scan spots  a re  considered t o  be adjacent  i f  they meet a t  a cor- 
ner o r  an edge. For a given scan spot ,  p a i r s  a r e  obtained fo r  
four adjacent scan spots:  t h e  one above and t o  t h e  r i gh t ,  t h e  
one d i r e c t l y  above, t h e  one above and t o  t h e  l e f t ,  and t h e  one 
immediately t o  t h e  l e f t  o f  t he  given scan spot  ( f i g .  11). I n  each 
subarray, t he r e  a r e  49 scan spots  f o r  which the  four combinations 
with adjacent  spots  shown i n  f i gu re  11 a r e  poss ib le .  A s  a re-  
s u l t ,  49 x 4 o r  196 values o f  Iclr ( v i  ) a re  obtained fo r  each sub- 
array.  Except f o r  scan spo t s  on t h e  edges o f  t h e  23 x 8 array,  
each scan spot  has  been compared with each o f  i t s  e igh t  adjacent 
scan spots  when t he  a r ray  i s  completed. 

The 196 values of  Iclr ( v i )  a r e  combined t o  ob t a in  an es t imate  
o f  the  value o f  Iclr ( v i )  f o r  t he  area.  Several procedures f o r  
obta in ing a combined value have been t r i e d  us ing simulated data .  
The be s t  r e s u l t s  were obtained by using a mixture o f  two of  these  
procedures. 

When a s i ng l e  cloud l aye r  was simulated, t h e  r e s u l t i n g  d i s t r i -  
bution o f  values of  IClr ( v i )  was symmetrical, and a weighted 
average gave t he  b e s t  es t imate  of  t h e  t r u e  value o f  I c l r ( v i ) .  
The weights used a re  proport ional  t o  t h e  inverse  o f  the  es t imate  
o f  t h e  variance o f  the  I c l r ( v i )  fo r  a given scan spot  pa i r  and 
a re  given by 

where 

I n  eqs ( 1 2 )  and (U 1, m r e f e r s  t o  one o f  t h e  196 poss ib le  pa i r s ,  
and M i s  t he  number o f  p a i r s  included i n  t he  average. 
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Figure 11.-Scanning p a t t e r n  showing 
t h e  p a t t e r n  used f o r  ad jacent  p a i r s  
and t h e  nominal l o c a t i o n  of 
r e t r i e v a l s  



When severa l  cloud l a y e r s  were used i n  t he  simulation, t h e  d i s-  
t r i b u t i o n  became asymmetrical and t he  mode gave the  b e s t  est imate 
o f  t he  t r u e  value o f  I c l r ( v i ) .  However, when t h e  mode i s  deter-  
mined from the  number o f  occurrences i n  a given c l a s s  i n t e r v a l ,  
an uncer ta in ty  occurs because o f  the  s i z e  o f  t h e  c l a s s  i n t e r v a l .  
To avoid t h i s  uncer ta in ty ,  the  d i s t r i b u t i o n  o f  values o f  Iclr (vi)  
was convoluted with a smooth func-tion and the  mode was taken a t  
t h e  maximum value of t he  r e s u l t i n g  function. Several smoothing 
funct ions were t r i e d ,  and a fourth degree chi-square d i s t r i b u t i o n  
was se lec ted .  Figure 1 2  shows t yp i ca l  unsmoothed histograms and 
t h e  smoothed histograms t h a t  r e s u l t  from convoluting t he  da t a  
with a chi-square d i s t r i b u t i o n .  Since t h e  e f f e c t  o f  clouds (and 
thus the  cor rec t ions )  a r e  small f o r  channels 1 and 2, theweighted 
averages a r e  always used and histograms a r e  not produced. 

Se lec t ion  o f  t h e  value from t h e  weighted average o r  t he  mode i s  
determined by comparing t h e  two values.  Agreement between t he  
two ind i ca t e s  t h a t  t he  d i s t r i b u t i o n  i s  symmetrical; i n  such cases 
t h e  weighted average i s  se lec ted .  Otherwise t he  mode i s  se lec ted .  
A t  t h e  present  time, a d i f fe rence  of  1 mW/ (m2 sr cm-1) o r  l e s s  
between t he  two values i s  considered t o  i nd i ca t e  agreement and 
thus  a symmetrical d i s t r i b u t i o n .  

During processing o f  t h e  VTPR data ,  two checks a r e  made while 
ca lcu la t ing  values of  Iclr ( v i ) .  F i r s t ,  i f  t h e  measured window 
(v8) radiance "agrees" with t he  window radiance ca lcula ted  from 
the  f i r s t  guess, t he  spot  i s  assumed t o  be c l ea r .  Window radi-  
ances are  considered t o  be i n  agreement when t h e  measured window 
radiance equals  o r  exceeds t h e  ca lcula ted  value. Values o f  Iclr 
( v i )  from c l e a r  spots  a re  averaged. I f  one o r  more c l e a r  scan 
spo t s  i s  found, t he  value o f  I c l r ( v i )  i s  obtained exclusively 
from the  "c lea r"  areas.  A s  a second check, values of  window ra-  
diance fo r  adjacent  scan spo t s  a r e  compared. When values are  too 
c lose ,  t he  r e s u l t i n g  es t imate  o f  Iclr ( v i )  i s  considered t o  be un- 
r e l i a b l e  unless  one o r  more of  t h e  spo t s  i s  c l ea r .  Values of 
I c l r ( v i )  r e s u l t i n g  from adjacent  scan spots  with d i f fe rences  i n  
value o f  I (v8) t h a t  a r e  l e s s  than 1.0 m ~ / ( m *  sr cm-1)  a r e  not 
used. I f  no c l e a r  areas  are  found and i f  fewer than 2 5  values 
o f  Iclr ( v i )  a r e  obtained f o r  a 7 x 7 subarray, a r e t r i e v a l  i s  not 
attempted. 

Measurements fo r  some adj acent p a i r s  a re  obtained a t  d i f f e r e n t  
viewing angles o f  t he  ea r th .  When these  measurements a re  com- 
pared, a correc t ion  must be made t o  compensate fo r  t h e  d i f f e r e n t  
atmospheric path lengths .  When comparing radiances i n  adj acent 
scan spots ,  and when averaging t h e  r e s u l t s  over a 7 x 7 subarray 
fo r  adjacent  scan spots ,  t h e  f i r s t  guess temperature p r o f i l e  and 
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t h e  sea- surface temperature a r e  used t o  c a l c u l a t e  s p e c t r a l  rad i-  
ances f o r  t h e  four  cases  o f  no clouds and o f  50% cloud cover a t  
700, 470, and 300 mb. Radiances a r e  ca lcu la ted  f o r  seve ra l  zeni th  
angles ,  and curves o f  rad iances  ve r ses  zen i th  angle  a r e  ca lcu la ted  
f o r  t h e  four  cases  ( f i g .  1 3 ) .  Calculated and measured f i r s t  guess 
window radiances  a r e  compared t o  determine which o f  t h e  four  
curves g ives  t h e  b e s t  e s t ima te  o f  cloud he igh t  ( f i g .  1 3 a ) .  The 
corresponding curve i s  then used t o  determine zen i th  angle correc-  
t i o n s  f o r  t h e  o t h e r  s p e c t r a l  i n t e r v a l s  ( f i g .  13b) .  When correc-  
i n g  t o  t h e  cen te r  o f  t h e  ar ray ,  t h e  curve f o r  no clouds i s  used 
s i n c e  c l e a r  radiances der ived  i n  program CLRAD a r e  being adjusted.  
While t h e  f i r s t  guess atmosphere i s  used i n  making cor rec t ions  
f o r  zeni th  angles ,  t h e  zen i th  angle co r rec t ions  a r e  small ,  and 
t h e  f i r s t  guess atmosphere h a s  a very minor in f luence  upon t h e  
radiances passed on t o  t h e  r e t r i e v a l  program. One should a l s o  
note  t h a t  t h e  value o f  Iclr ( v8 )  r e s u l t i n g  from t h e  c l e a r  radiance 
procedure i s  t h e  value ca lcu la ted  from t h e  f i r s t  guess. 

F. Re t r i eva l s  

(1) In t roduc t ion  

The temperature and moisture  r e t r i e v a l  program der ives  atmos- 
p h e r i c  temperature and humidity p r o f i l e s  from t h e  c l e a r  radiances 
produced by t h e  CLRAD program and can be descr ibed as  a sequence 
o f  f i v e  s e c t i o n s  c a l l e d  Input ,  Construct ion o f  Transmittances and 
Weighting Functions,  Temperature Re t r i eva l ,  Moisture Re t r i eva l ,  
and Output. 

( 2 )  Input  

The r e t r i e v a l  program uses  t h e  radiance values f o r  t h e  f i r s t  
seven o f  t h e  e i g h t  s p e c t r a l  i n t e r v a l s  l i s t e d  i n  t a b l e  1. A s  ex- 
pla ined  i n  s e c t i o n  3E., t h e  e igh th  radiance value i s  ca lcu la ted  
from t h e  f i r s t- g u e s s  su r face  temperature and f i r s t- g u e s s  atmos- 
pher ic  p r o f i l e s .  The r e t r i e v a l  program uses  t h e  s u r f  ace tempera- 
t u r e  i n  p lace  o f  t h i s  radiance.  

A f i r s t- guess  temperature and water vapor p r o f i l e  i s  requi red  
by t h e  r e t r i e v a l  program. Below 10 mb, t h e  f i r s t- g u e s s  p r o f i l e s  
a r e  obtained from f o r e c a s t s ,  analyses ,  and climatology as  ex- 
pla ined  i n  sec t ion  3 D. The tropopause temperature, he igh t ,  and 
pressure  a r e  a l s o  provided by t h e  National Meteorological Center 
(NMC). Above 10 m b ,  t h e  f i r s t - g u e s s  temperature p r o f i l e  i s  ob- 
ta ined  by reg ress ion  on radiances measured i n  s p e c t r a l  i n t e r v a l s  
1 and 2 and t h e  f i r s t - g u e s s  temperatures a t  10, 30, and 50 mb. 
This technique g ives  r e l i a b l e  e s t ima tes  o f  the  temperature above 
10 m b  because it i s  based upon a r ecen t  sample o f  rocketsonde and 
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radiosonde d a t a  (Gelman e t  a l . ,  1972).  I t  i s  e s p e c i a l l y  
va luable  i n  accounting f o r  sudden warming i n  t h e  s t r a tosphere .  

F ina l ly ,  t h e  guess temperature p r o f i l e  is  i n t e r p o l a t e d  t o  t h e  
100 pressure  l e v e l s  shown i n  t a b l e  6 o f  appendix I. These l e v e l s  
a r e  d i s t r i b u t e d  between 1000 mb and 0.01 mb i n  even increments on 
a s c a l e  o f  pressure  r a i s e d  t o  t h e  2/7 power. 

A guess f o r  t h e  water vapor mixing r a t i o  p r o f i l e  i s  a l s o  re-  
qui red .  I n  t h e  Northern Hemisphere, NMC provides an average r e l -  
a t i v e  humidity f o r  t h e  atmosphere between t h e  su r face  and a v a r i-  
able  l e v e l  which i s  near 500 mb. From t h i s  s i n g l e  quan t i ty  a 
mixing r a t i o  p r o f i l e  i s  s p e c i f i e d  as  follows: a s a t u r a t i o n  mix- 
i n g  r a t i o  p r o f i l e  i s  ca lcu la ted  from t h e  guess temperature p r o f i l e  
between t h e  su r face  and 500 mb. I n  t h i s  region,  t h e  guess mixing 
r a t i o  p r o f i l e  i s  cons t ruc ted  as  t h e  product o f  t h e  r e l a t i v e  humid- 
i t y  and t h e  s a t u r a t i o n  mixing r a t i o .  Above t h e  500 m b  l e v e l ,  t h e  
mixing r a t i o  p r o f i l e  i s  cons t ruc ted  t o  f a l l  o f f  a s  p3. 

In  a reas  where no moisture  information i s  provided by NMC, such 
as  t h e  Southern Hemisphere, t h e  c o r r e l a t i o n  between temperatures 
and mixing r a t i o  i s  u t i l i z e d  through t h e  r eg ress ion  r e l a t i o n  

- - 
W* - W =  H (T* - T ) ,  

where W* i s  t h e  requi red  guess mixing r a t i o  p r o f i l e  - - and T* i s  
t h e  guess temperature p r o f i l e .  The q u a n t i t i e s  T, W, and H a re  
t h e  mean temperature p r o f i l e ,  t h e  mean mixing r a t i o  p r o f i l e ,  and 
a matr ix  o f  r eg ress ion  c o e f f i c i e n t s ,  r e spec t ive ly ,  which have 
been compiled i n  advance from conventional soundings. 

( 3 )  Construct ion o f  Transmittances and Weighting Functions 

Atmospheric t ransmi t tances  f o r  t h e  e i g h t  s p e c t r a l  i n t e r v a l s  o f  
t a b l e  1 a re  fundamental t o  t h e  r e t r i e v a l  and must be constructed 
accura te ly .  The t o t a l  t ransmi t tance  of t h e  atmosphere i s  assumed 
t o  be t h e  product o f  t h e  ind iv idua l  t ransmi t tances  o f  carbon d i -  
oxide,  ozone, and water vapor, 

Transmittances f o r  C02 a r e  based upon c a l c u l a t i o n s  made with t h e  
point-by-point method o f  Drayson (1971). H i s  method was used t o  
c a l c u l a t e  t ransmi t tances  f o r  t h e  U. S . Standard Atmosphere, 1962 
(COESA 1962) and f o r  atmospheres which d i f f e r e d  from t h e  Standard 
Atmosphere by f; 10K, 20K, and 2 30K. Temperature co r rec t ions  



t o  t he  t ransmit tances,  generated from these  ca lcu la t ions ,  a r e  
used i n  t he  r e t r i e v a l  program t o  ad jus t  t h e  t ransmit tances t o  val-  
ues appropriate  fo r  t h e  f i r s t- guess  temperature p ro f i l e .  

Appendix I1 contains t he  measured f i l t e r  c h a r a c t e r i s t i c s  of t h e  
f i r s t  four instruments.  It includes carbon dioxide t ransmit tances 
fo r  a t yp i ca l  atmosphere and weighting funct ions (de r iva t ives  of  
t he  t ransmit tances with respec t  t o  p2/7), which i nd i ca t e  t he  r e l -  
a t i v e  contr ibut ions  o f  l e v e l s  o f  the  atmosphere t o  t he  radiance 
received a t  t he  s a t e l l i t e .  Radiation detec ted  by the  VTPR o r i g i -  
nates  from l a y e r s  which inc rease  i n  pressure as  t he  channel wave- 
number increases .  

Ozone transmit tances a re  a minor correc t ion  and a r e  applied as  
a s i ng l e  cor rec t ion  fo r  a l l  l a t i t u d e s  and seasons. The transmit-  
tances  were ca lcu la ted  f o r  an average p r o f i l e  (McClatchey 1972) 
from a l ine- by- line technique fo r  pressures  g r ea t e r  than 100 mb, 
and from a band model f o r  lower pressures.  

Water vapor ha s  a marked inf luence  upon atmospheric transmit-  
tances  i n  t he  lower t rowsphere .  The i n f r a r ed  spectrum of  water 
vapor includes both s p e c t r a l  l i n e s  and a s t rong continuum, which 
a r e  t r e a t e d  separa te ly .  The l i n e  con t r ibu t ion  cannot be calcula-  
t ed  by t h e  same procedure used f o r  C02 transmit tances because t he  
mixing r a t i o  o f  water vapor i s  h ighly  var iable .  Instead, t he  
f i r s t  s t e p  (performed i n  advance o f  t he  r e t r i e v a l )  i s  t o  f i t  a 
model t o  l i n e  by l i n e  ca lcu la t ions  o f  s p e c t r a l  l i n e  absorption 
averaged over t h e  appropr ia te  f i l t e r  funct ions.  These calcula-  
t i o n s  a r e  performed over homogeneous paths and cover, i n  incre-  
ments, t h e  expected atmospheric range of  pressure,  temperature, 
and mixing r a t i o .  I n  t he  r e t r i e v a l ,  t he  atmosphere i s  t r ea t ed  a s  
a succession o f  homogeneous l a y e r s  (Weinreb and Neuendorffer 1973) 

The absorpt ion by t he  water vapor continuum i s  observed t o  vary 
as  t h e  square o f  t h e  water-vapor concentrat ion and a s  the  inverse  
f i f t h  o r  s i x t h  power o f  temperature (Burch 1970 and Bignell 1970).  
Yhis behavior, which i s  cons i s ten t  with absorption by the  water 
vapor dimer (H20 ) 2 ,  i s  included i n  t he  continuum transmit tance.  
A term ascribed t o  foreign-gas broadening o f  d i s t a n t  l i n e s ,  which 
i s  propor t ional  t o  t h e  f i r s t  power o f  t h e  moisture concentration, 
i s  a l so  included. The o v e r a l l  water-vapor t ransmit tance i s  
f i n a l l y  ca lcula ted  as  t h e  product o f  t h e  l i n e  and continuum 
transmit tances.  



(4) Temperature Re t r i eva l  

The temperature p r o f i l e  i s  obtained through a modif icat ion o f  
t h e  minimum-rms s o l u t i o n  (Rodgers 1970 and Strand and Westwater 
1968) o f  t h e  r a d i a t i v e  t r a n s f e r  equation. This s o l u t i o n  can be 
w r i t t e n  a s  

where t h e  matr ix  C i s  given by 

T T -1 
C = SA (ASA + N) . (1 7) 

A d e s c r i p t i o n  o f  a l l  terms i n  these  equat ions follows. Eq (16) 
and (1 7) y i e l d  Br (T) , which i s  t h e  100-element Planck-radiance 
p r o f i l e  o f  t h e  s o l u t i o n  temperature p r o f i l e ,  T, computed a t  a 
re ference  wavenumber o f  700 a n - l .  The 100 elements correspond t o  
t h e  100 atmospheric p ressu re  l e v e l s  shown i n  t a b l e  6 o f  appendix 
I. A s o l u t i o n  temperature p r o f i l e  i s  r e a d i l y  obtained from Br ( T ) .  
Geopotential  th icknesses  r e l a t i v e  t o  1000 m b  a r e  computed from 
t h e  perfect- gas and h y d r o s t a t i c  equations.  I n  t h e  Northern Hem- 
isphere ,  h e i g h t s  a r e  obta ined  r e l a t i v e  t o  t h e  NMC f o r e c a s t  850-mb 
he igh t .  

The term Br (T*) i s  t h e  Planck- function p r o f i l e  computed a t  700 
cm-1 from t h e  guess temperature p r o f i l e  T*. The vec tor  Rr con- 
t a i n s  s i x  elements, t h e  measured radiances i n  t h e  f i r s t  s i x  spec- 
t r a l  i n t e r v a l s  o f  t a b l e  1. Likewise, R g  i s  a vec tor  o f  s i x  r ad i-  
ances ca lcu la ted  b y  t h e  r a d i a t i v e  t r a n s f e r  equation) from t h e  
su r face  temperature,  t h e  guess temperature p r o f i l e ,  and t h e  t r a n s-  
mit tances.  Both Rr and RP a r e  sca led  t o  t h e  700 cm-1 reference  
wavenumber through radiance- equivalent  temperatures.  The 6 x 100- 
dimensional mat r ix  A c o n s i s t s  o f  t h e  s i x  100-dimensional weight- 
i n g  funct ions  i l l u s t r a t e d  i n  appendix 11. 

Uncer ta in t i e s  i n  measurements o f  t h e  radiances,  o r i g i n a t i n g  
from ins t rumenta l  no i se  and c a l i b r a t i o n  e r r o r s ,  quadrature e r r o r s ,  
and u n c e r t a i n t i e s  introduced i n  ob ta in ing  c l e a r  radiances,  r e s i d e  
i n  N, a 6 x 6 dimensional variance- covariance matrix.  S t a t i s t i c s  
o f  t h e  atmosphere comprise t h e  100-dimensional diagonal mat r ix  S, 
whose elements a r e  var iances  o f  t h e  700 c m - l  Planck- radiance pro- 
f i l e  der ived from a s e t  o f  t y p i c a l  radiosonde measurements. The 
o f  f-diagonal elements o f  S, which should contain the  c o r r e l a t i o n s  
among t h e  temperatures a t  d i f f e r e n t  l e v e l s  o f  t h e  atmosphere, a r e  
ignored f o r  computational speed and s i m p l i c i t y .  



Eq (16) and (17) express t h e  so lu t ion  a s  t h e  guess p r o f i l e  p lus  
a l i n e a r  combination o f  d i f fe rences  between observed radiances 
and t he  radiances ca lcula ted  from the  guess p r o f i l e .  Largeer ro rs  
i n  t h e  measurements o f  radiances ( l a rge  N) w i l l  force t h e  solu- 
t i o n  toward t h e  guess. The so lu t ion  w i l l  a l so  tend toward t h e  
guess f o r  l aye r s  o f  the  atmosphere with small expected va r i a t i ons  
i n  t h e  temperature (small S ) .  Usually one appl ica t ion  of  eq (16) 
and (17) w i l l  provide a convergent so lu t ion  i n  t h e  sense t h a t  
radiances ca lcu la ted  from t h e  r e t r i eved  p r o f i l e  d i f f e r  from the  
measured radiances by l e s s  than t he  standard devia t ion  o f  t he  
e r ro r s .  Otherwise, eq (16) and (17) a r e  applied again, with T* 
and R; represent ing  t h e  r e s u l t  o f  t he  previous i t e r a t i o n .  Since 
t h e  matr ix C i s  near ly  independent o f  temperature, it i s  held 
constant  from i t e r a t i o n  t o  i t e r a t i o n ,  thus minimi zing computation 
time. 

Figures 14 and 15 compare opera t ional  VTPR r e t r i e v a l s  with near- 
l y  simultaneous radiosondes fo r  a high l a t i t u d e  ( f i g .  14)  .and a 
t r o p i c a l  ( f i g .  15)  case.  It i s  seen t h a t  t he  VTPR r e t r i e v a l s  
follow t h e  t r end  o f  t h e  radiosondes up t o  and beyond 50 mb. How- 
ever,  because t h e  weighting funct ions a r e  broad, t h e  so lu t ion  does 
not  contain f ine- scale  s t r u c t u r e  unless  it i s  introduced v i a  t he  
guess p r o f i l e .  

(5)  Moisture Ret r ieval  

The moisture r e t r i e v a l  begins with a measured radiance a t  535 
cm-I and t h e  r e t r i eved  temperature p r o f i l e .  The so lu t ion  fo r  t he  
mixing r a t i o  p r o f i l e  W i s  assumed t o  have t h e  form 

w = W* + ccp (18 

where W* i s  t h e  guess mixing r a t i o  p r o f i l e ,  C i s  a constant  t o  be 
determined, and cp i s  an empirical  orthogonal function (Alishouse 
e t  a l .  1967) computed i n  advance of  t h e  r e t r i e v a l  from conven- 
t i o n a l  sounding data .  I f  it i s  impossible t o  compute cp because 
o f  lack  o f  r e l i a b l e  da t a  over c e r t a i n  areas,  cp i s  assumed t o  be 
W* i t s e l f .  The constant  C i s  evaluated i n  t h e  r e t r i e v a l  through 
t he  requirement t h a t  535 crn-I radiance computed from W be equal 
t o  t he  measured radiance within two standard devia t ions  o f  the  
measurement e r r o r s .  F ina l ly  t he  so lu t ion  W i s  transformed t o  dew- 
point  depression. Only one spec t r a l  i n t e r v a l  i s  used t o  measure 
water vapor. With t h i s  s i ng l e  measurement, only one parameter 
(e.g., t he  value o f  C )  can be determined. The d i s t r i b u t i o n  o f  
t he  water vapor i s  determined by t he  r e l a t i v e l y  smooth funct ions 
W* and cp. Another l i m i t a t i o n  o f  any moisture r e t r i e v a l  i s  t he  
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Figure 14.-- Comparison between a VTPR sounding and a radiosonde 
a t  52.50 horth, 20° w e s t .  D.P. i n d i c a t e s  dewpoint. 
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Figure 15.--Comparison between a VTPR sounding and a radiosonde 
a t  San Juan (18O n o r t h ) .  D.P. i n d i c a t e s  dewpoint. 



dependence on accurate  knowledge o f  t h e  temperature p r o f i l e  
s ince  temperature e n t e r s  s t rongly  i n t o  t he  computation o f  radi-  
ance. Operational moisture r e t r i e v a l s  appear i n  f igures  14 and 
15; t he  lack  of  de t a i l ed  s t r u c t u r e  i n  t he  moisture r e t r i e v a l s  i s  
apparent. 

(6) Output 

For each sounding, t h e  following q u a n t i t i e s  a re  passed t o  t h e  
q u a l i t y  cont ro l  program: 

a. Retrieved temperatures, he ights ,  and guess temperatures 
a t  t he  15 standard l e v e l s  (1000, 850, 700, 500, 400, 
300, 250, 200, 150, 100, 70, 50, 30, 20, and 10 mb) and 
a t  t h e  tropopause 

b. Clear radiances i n  the  e i g h t  spec t r a l  i n t e r v a l s  
( t a b l e  1) 

c. Dewpoint depression a t  t h e  f i v e  standard l e v e l s  up t o  
t he  400 m b  l e v e l  

d. Two coe f f i c i en t s  t o  account f o r  atmospheric a t tenuat ion  
(limb darkening) i n  t h e  Scanning Radiometer measurements 

o f  equivalent  temperature which a r e  used t o  der ive  
surface  temperatures. 

4. QUALITY TESTS AND REJECTION PROCEDURES 

The f i n a l  output  from the  VTPR i s  ca l l ed  t h e  S a t e l l i t e  Inf rared  
Sounding ( S I R S )  ; it includes  loca t ion ,  he ights ,  temperatures and 
de-int-temperature depressions a t  t h e  mandatory pressure l e v e l s  
up t o  400 mb, he igh t  and temperatures up t o  10 m b ,  and tempera- 
t u r e s  a t  s i g n i f i c a n t  l eve l s .  I n i t i a l l y ,  only da t a  from open 
water oceanic regions a r e  being re leased t o  t h e  user .  Before t he  
d a t a  a re  re leased,  severa l  t e s t s  a re  performed. Fa i lu re  o f  any 
one test causes a l l  da t a  up t o  100 mb t o  be dele ted .  There i s  no 
provision fo r  manual adjustment o f  r e j ec t ed  data;  however, opera- 
t i o n a l  personnel a re  provided with o r b i  t-by-orbi t sumrnari e s  from 
which they a r e  expected t o  note t rends  requ i r ing  cor rec t ive  ac- 
t ion .  The following t e s t s  a r e  performed on t h e  data:  

a. A superadiabat ic  temperature l apse  r a t e  t e s t  i s  per- 
formed on t h e  t ropospheric  pressure l a y e r s  bounded by 
t he  mandatory and s i g n i f i c a n t  pressure l e v e l s  t o  
insure  a s t a b l e  p ro f i l e ;  



b. A gross e r r o r  o r  "neighbor" check i s  performed on the  
di f ference  between the  NMC forecas t  f i r s t  guess heights  
and the  re t r i eved  he igh ts  fo r  a l l  constant pressure 
l eve l s .  Values of  t h i s  d i f ference  are  ca lcula ted for  
a l l  points  i n  the  neighborhood (within 500 km). A 
sounding i s  required t o  have a t  l e a s t  one neighbor o r  
i t  i s  automatically re jec ted.  The value of  the  height  
d i f ference  fo r  t he  point  i s  required t o  agree with the  
average of  the  height  d i f ferences  for  the  o ther  points  
i n  the  neighborhood t o  within: 

+ 200 rn with one neighbor, - 
+ 100 m with two neighbors, o r  - 
+ 75 m with more than two neighbors. - 

c. When r e t r i e v a l s  a r e  extended t o  land areas on an opera- 
t i o n a l  bas i s ,  fu r ther  loca t ion  t e s t s  w i l l  be performed 
t o  insure  t h a t  a  proper adjustment has been made for  the  
t e r r a i n  e levat ion i n  the  f i e l d  of view. 

The above t e s t s  a re  performed on a l l  r e t r i eva l s ;  however, the  
i n i t i a l  c r i t e r i a  used i n  (b)  above fo r  the  Southern Hemisphere 
may be adjusted t o  the  qua l i t y  of  avai lable  first  guess p r o f i l e s  
i n  t h i s  region. 

When a r e t r i e v a l  i s  re jec ted,  the  cause i s  l i s t e d  fo r  the  infor-  
mation of  the  operat ional  personnel. A t  the  conclusion of  each 
da t a  o r b i t ,  the  r m s  temperature d i f ference ,  E, between the  f i r s t  
guess and the  r e t r i e v a l  i s  p lo t ted  on a lat i tude- longitude gr id ,  
where the  value of E fo r  a  r e t r i e v a l  i s  given by 

A 
where Tq and Tq are  the  f i rs t  guess temperatures and r e t r i e v a l  
temperatures, respectively,  fo r  the  lowest 10 standard pressure 
l eve l s .  

Histograms of  the  change made t o  each f i r s t  guess temperature 
a re  tabula ted by mandatory l eve l  and by loca t ion  ( the  Tropics 
between 1 8 O ~  and 1 8 O ~  and Northern Hemisphere and Southern Hem- 
isphere ex t r a t rop ica l  areas ) . 



A t  t h e  end o f  each computer processing, coverage c h a r t s  a r e  
p l o t t e d  on po la r  s te reographic  maps f o r  t h e  Northern and Southern 
Hemispheres and on a Mercator map f o r  t h e  Tropics.  Data r e j e c t e d  
during t h e  synopt ic  per iod  a r e  included bu t  f lagged i n  o rde r  t o  
i n d i c a t e  any c o n s i s t e n t  geographical b i a s .  

Additional checks a r e  generated over  s e l e c t e d  areas  o r  a t  se- 
l e c t e d  t imes t o  monitor t h e  performance o f  each VTPR channel, t h e  
communication l i n k s  from t h e  d a t a  acqu i s i t ion  s t a t i o n s ,  and t h e  
ind iv idua l  i n t e r n a l  programs used t o  generate  a S I R S  sounding. 
Some r e t r i e v e d  soundings a r e  compared with s tandard radiosonde 
r e p o r t s ,  t h e  NMC analyses ,  and t h e  Scanning Radiometer ( S R )  d a t a  
a s  a t e s t  f o r  meteorological reasonableness.  For example, t h e  
amount and pressure  h e i g h t  o f  t h e  cloud output  a r e  compared with 
t h e  SR d a t a  t o  check t h e  algorithms used i n  t h e  c l e a r  radiance 
program. The 1000 t o  300 mb th ickness  and t h e  contoured h e i g h t  
f i e l d s  a t  300 m b  a r e  a l s o  compared with t h e  SR d a t a  and t h e  NMC 
f o r e c a s t  and analyses.  

A more complete q u a l i t y  con t ro l  program i s  being developed. 
Fur ther  d e t a i l s  w i l l  be published l a t e r  i n  a supplement t o  t h i s  
r epor t .  

5. DATA OUTPUTS AND ARCHIVES 

A. General 

Soundings t h a t  pass  t h e  q u a l i t y  con t ro l  t e s t s  a r e  archived and 
s e n t  t o  a number o f  u s e r s .  Three t apes  a r e  prepared t o  s a t i s f y  
requiremenks o f  var ious  u s e r s .  One t ape  i s  used t o  send a t e l e-  
type message; a : rcond t ape  i s  s e n t  t o  t h e  National Meteorological 
Center (NMC) ; and a t h i r d  t ape  i s  prepared as  a d a t a  archive.  

B. Teletype Messages 

Teletype messages a r e  formatted t o  conform t o  t h e  code used f o r  
S I R S  A and S I R S  B (World Meteorological Organization 1972).  
Dif ferences  i n  t h e  instrument  design and t h e  r e t r i e v a l  procedure 
r equ i re  a change i n  t h e  i n t e r p r e t a t i o n  o f  seve ra l  o f  t h e  values 
given. 

A number o f  ad jacent  measurements a r e  used t o  o b t a i n  " c l e a r f t  
radiances from cloud contaminated values.  These t t c l e a r t t  r ad i-  
ances a r e  used i n  t h e  r e t r i e v a l ,  so  cloud condi t ions  do n o t  a f f e c t  
t h e  r e l i a b i l i t y  o f  t h e  d a t a  i n  t h e  way t h a t  they a f fec ted  t h e  
S I R S  soundings. The cloud i n d i c a t o r  i s  always s e t  a t  zero t o  in-  
d i c a t e  a c l e a r  sounding, and no cloud information i s  t ransmi t ted .  



This does not ,  however, i nd i ca t e  t h a t  no clouds a r e  present .  

When the  Nimbus 3 and Nimbus 4 s a t e l l i t e s  were opera t ional ,  
r e t r i e v a l s  were attempted only i n  t h e  Northern Hemisphere where 
t h e  NMC fo recas t  was avai lable .  The 850-mb forecas t  he ight  was 
used as a reference  l e v e l  f o r  t he  he igh t  ca lcu la t ions .  This pro- 
cedure i s  cur ren t ly  being used with t h e  VTPR da t a  fo r  regions 
covered by t h e  NMC fo recas t .  When the  850-mb forecas t  he ight  i s  
not avai lable ,  t he  1000-mb height  i s  s e t  t o  zero; f o r  these  cases,  
the  value given a s  t he  300-mb height  i s  ac tua l l y  t h e  1000- t o  
300-mb th ickness  and t h e  1000-mb he igh t  i s  zero. 

I n  summary, north of  l a t i t u d e  2 1 ° ~  a l l  he igh t s  a re  referenced 
t o  t he  NMC 850-mb forecas t  he ight .  South o f  l a t i t u d e  1 8 O ~ ,  a l l  
he igh t s  are  ac tua l l y  thicknesses between t h e  given l e v e l  and 1000 
mb. Between 1 8 O ~  and 2 1 ° ~ ,  e i t h e r  method may be used, and t he  
1000 -mb he igh t  must be checked t o  determine which i s  used fo r  a 
given sounding. 

To make t he  S I R S  code more compatible with t h e  capab i l i t y  o f  
t h e  VTPR instrument,  t h e  code w i l l  be modified i n  t he  near fu ture ,  
and l lc lear ' l  radiances w i l l  be s e n t  as  a separa te  transmission. 

C .  Output t o  NMC 

Soundings supplied t o  NMC a r e  w r i t t e n  on two tapes,  one fo r  
each twelve-hour i n t e r v a l  (0600-1800 GMT and 1800-0600 GMT) . Data 
a re  output  a s  soon as  o r b i t s  a re  processed, and NMC uses  t he  
tapes  as  required by t h e i r  opera t ional  schedule. The tapes  a re  
not ava i l ab le  fo r  general  use, but  t he  same soundings appear on 
t he  archival  tape. 

D. Archival Tapes 

VTPR d a t a  a r e  ava i l ab le  i n  d i f f e r e n t  forms (raw radiances,  
" c l ea r  radiances", and r e t r i eved  p r o f i l e s )  a t  t h r ee  major po in t s  
i n  t he  d a t a  processing. These d a t a  a r e  wr i t t en  on tape  a s  t h r ee  
separa te  f i l e s ,  each o f  which cons i s t s  o f  a header record and a 
number o f  d a t a  records.  The da ta  content and t he  formats o f  
these  f i l e s  are  described i n  appendix 111. This tape i s  t rans-  
mit ted t o  t h e  Goddard I n s t i t u t e  fo r  Space Studies  ( G I S S )  i n  r e a l  
time. A copy a l so  i s  s en t  t o  t h e  National Climatic Center a t  
Asheville,  North Carolina.  Requests f o r  da t a  and quest ions con- 
cerning formats should be s en t  t o  t he  National Climatic Center, 
Federal Building, Ashevil le ,  North Carolina 28801. 
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APPENDIX I 

Miscellaneous Tables 

Information contained i n  t a b l e s  2 and 3 appl ies  t o  t he  i n s t r u-  
ments ca r r i ed  on NOAA 2 .  Tables 5 and 6 contain information 
about cur ren t  opera t ional  procedures. These t a b l e s  w i l l  be re-  
vised as needed and included i n  fu tu re  rev i s ions  t o  t h i s  repor t .  



Table 1.--VTPR d a t a  sequence and s p o t  i d e n t i f i e r s ,  
(normal sequence) 

Word no. NO. o f  words P o s i t i o n  code Descr ip t ion  

1-7 7  24/25 
8  1 24/25 

9-16 8 1 
17-24 8 2 
25-32 8 3  
33-40 8  4  
41-48 8  5  
49-56 8 6 
57-64 8 7  
65-72 8 8 
7  3-80 8 9 
81-88 8 10 
89-96 8 II 
97-104 8  12 
105-112 8  1 3  
113-120 8 14 
121- 128  8 1 5  
129-136 8 16 
137-144 8 17 
145-152 8 18  
153-160 8 19 
161-168 8 20 
169-176 8 2 1  
177-184 8  22  
185-192 8 2 3  

193 1 24/25 
194-195 2 2 4/2 5  

196 1 2 4.12 5  
197-199 3  24/25 
- - - - - - - - - - -  -f lyback t i m e  - - - 
200 1 24/25 
1-7 7  2 4/2 5  

Primary o p t i c s  
N o t  used 

Spot 1 ,  f i l t e r s  1-8 
Spot 2, f i l t e r s  1-8 
Spot 3, f i l t e r s  1-8 
Spot 4, f i l t e r s  1-8 
Spot 5, f i l t e r s  1-8 
s p o t  6 ,  f i l t e r s  1-8 
Spot 7, f i l t e r s  1-8 
spo t  8, f i l t e r s  1-8 
S p ~ t  9, f i l t e r s  1-8 
Spot 10, f i l t e r s  1-8 
Spot 11,  f i l t e r s  1-8 
Spot 12, f i l t e r s  1-8 
Spot 13, f i l t e r s  1-8 
Spot 14, f i l t e r s  1-8 
Spot 15,  f i l t e r s  1-8 
Spot 16,  f i l t e r s  1-8 
Spot 17, f i l t e r s  1-8 
Spot 18, f i l t e r s  1-8 
Spot 19, f i l t e r s  1-8 
Spot 20, f i l t e r s  1-8 
Spot 21, f i l t e r s  1-8 
Spot 22, f i l t e r s  1-8 
Spot 23, f i l t e r s  1-8 

Not used 
Shroud 
Not used 

Secondary o p t i c s  
- - - - - - - - - -  
Primary o p t i c s  
Primary o p t i c s  



Table 2 .  - -Spectral  c h a r a c t e r i s t i c s  of  VTPR f i l t e r s ,  instruments  
1 and 3 

Centra l  F i l t e r  band pass  Maximum 
Instrument wave - Hal f-  Tenth- Hundredth- t rans -  

F i l t e r  Number n u d e r  width width width n-httance 



Table  3. - - Spectra l  c h a r a c t e r i s t i c s  o f  ins t rument  number 1, a s  
determined b'y SEL and manufacturer .  

C e n t r a l  F i l t e r  band p a s s  
wave- Half  - Tenth- Hundredth- Maximum 

F i l t e r  Laboratory number width  width  width  t r a n s m i t t a n c e  

S EL 694.8 12.2 17.9  21.7 .54 
3 OCLI 695.1 12.5 17.9 21.2 .54 

S EL 708.3 10.6 15.0 21.8 .61 4 
OCLI 708.2 10.8  15.5  20.6 .61 

S EL 725.3 11.3 15.6 20.9 . 74 
5 

OCLI 725.4 11.5 16.0 22.0 .74 

SEL 747.4 12.0 16.1  21.4 -70 
6 

OCLI  747.4 11.9 16.8  21.8 .73 

SEL 532.80 15.4  26.4 31.3 .49 
7 

OCLI 533.65 15 .1  25.3 35.8 .50 

S EL 835.1 7.0 15.0 22.9 .67 
8 

OCLI 835.4 7.1 15.6 26.2 .66 



Table 4. --VTPR d a t a  sequence and spo t  i d e n t i f i e r s  ( c a l i b r a t i o n  
sequence 1 

--- 

Word no. No. o f  words Pos i t ion  code 
--- - 

Descript ion 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
27 

2 8  
28 Patch 
28 
29 
29 
30 
30 
31 
31 

Primary o p t i c s  
Zero O f f s e t  l e v e l  

Not used 
1st vol tage l e v e l  

Not used 
2nd vol tage  l e v e l  

Not used 
3rd vol tage  l e v e l  

Not used 
4 t h  vol tage  l e v e l  

Not used 
5th vol tage  l e v e l  

Not used 
6 th  vol tage  l e v e l  

Not used 
7 t h  vol tage  l e v e l  

Space look 
F i l t e r s  1-8 cycl ing  

Mirror moving, n o t  used 
look, f i l t e r s  1-8 cycl ing  

Shroud 
Shroud 
Detector 
Detector 
Patch 
Patch 
Not used 

- - - - - - - - - - - -  - End o f  c a l i b r a t i o n  - - - .- - - - - - - 
Normal scan sequence resumes with spot 1, etc.  



Table 5.--NMC f i e l d s  used i n  VTPR r e t r i e v a l s  

-- 

Fie ld  
Analysis 
i n t e r v a l  

Forecast 
i n t e r v a l  

Pressure: 
Tropopause 

Temperature : 
Tropopause 
1000 t o  100 mb 

(10 l e v e l s )  
70 t o  10 mb 

(4 l e v e l s )  

Re la t ive  humidity : 
Tropopause 
mundary 1 ayer 

Heights 
850 mb 
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T a b l e  6.--The 1 0 0  p r e s s u r e  levels  u s e d  i n  VTPR r e t r i eva l s  

L e v e l  P r e s s u r e  L e v e l  P r e s s u r e  L e v e l  P r e s s u r e  



APPENDIX I1 

F i l t e r  Cha rac t e r i s t i c s  and C 0 2  Transmittances 

F i l t e r  curves have been obtained fo r  t h e  f i r s t  four VTPR i n s t ru-  
ments. These curves were used t o  ca l cu l a t e  C 0 2  t ransmit tances 
and t he  r e s u l t i n g  weighting funct ions (de r iva t ives  o f  t h e  t rans-  
mit tances with respec t  t o  a  funct ion o f  p ressure ) .  Table 1 
l i s t s  t h e  pressures  a t  which numerical values o f  t ransmit tances 
and weighting funct ions a r e  given. 

For each instrument ( s e t ) ,  twelve pages o f  da ta  a re  given i n  
t he  following o rder  : 

f i l t e r  curves fo r  channels 1 and 2 
f i l t e r  t ransmit tances f o r  channels 1 and 2 
f i l t e r  curves fo r  channels 3 and 4 
f i l t e r  t ransmit tances f o r  channels 3 and 4 
f i l t e r  curves fo r  channels 5 and 6 
f i l t e r  t ransmit tances fo r  channels 5 and 6 
f i l t e r  curves fo r  channels 7 and 8 
f i l t e r  t ransmit tances fo r  channels 7 and 8 
C02 transmit tances a t  O0 zeni th  angle 
C 0 2  weighting funct ions a t  O0 zenith angle 
C 0 2  t ransmit tances a t  23.8O zeni th  angle 
C 0 2  weighting funct ions a t  23.8O zeni th  angle. 

Instruments 1 and 3 were used on NOAA 2 .  



Table 1.--The 50 p ressu re  l e v e l s  f o r  which C02 t ransmi t tances  
and weighting funct ions  were ca lcu la ted  

Level Pressure  Level Pressure Level Pressure 

(mb 1 (mb 1 (mb 1 
2 .022509 36 33.093637 70 299.010313 

4 .075634 38 39.453026 72 328.748216 

6 .I85758 40 46.640713 74 360.540883 

8 .379474 42 54.718280 76 394.471232 

10 .686604 44 ' 63.748763 78 430.623266 

1 2  1.139871 46 73.796622 80 469.082061 

14  1.774667 48 84.927709 82 509.933752 

16 2.628863 50 97.209237 84 553.265520 

18  3.742652 52 110.709757 86 599.165579 

20 5.158426 54 125.499127 88 647.723168 

22 6.920666 56 141.648495 90 699.028533 

24 9.07 5845 58 159.230270 92 753.172921 

26 11.672352 60 178.318103 94 810.248566 

28 14.780413 62 198.986865 96 870.348681 

30 18.392029 64 221.312631 98 933.567446 

32 22.620917 66 245.372655 100 1000.000000 

34 27.502455 68 271.245360 



V T P R  

S E T :  1  
F I L T E R :  1  
S I N :  GRUB8 PARSONS1 
CENTROID:  6 6 7 . 2  
E O U I V .  WIDTH:  1 . 3 3  

WAVENUMBER 

S E T :  1  
F I L T E R :  2 
S I N :  0 . C . L . l .  1C 
CENTROID:  6 7 7 . 6  
E O U I V .  WIDTH:  6 . 8 0  

6 6 5  6 7 0  6 7 5  6 8 0  6 8 5  6 9 0  6 9 5  

WAVENUMBER 





V T P R  

S E T :  1 
F I L T E R :  3 
S I N :  O . C . L . I .  2 6  
CENTROID:  6 9 5 . 2  
E O U I V .  WIDTH:  6 . 8 8  

6 8 0  6 8 5  6 9 0  6 9 5  7 0 0  7 0 5  7 1 0  

WAVENUMBER 

S E T :  1 
F I L T E R :  4  
S I N :  O . C . L . I .  3 6  
C E N T R O I D :  7 0 8 . 0  
E O U I V .  W I D T H :  6 . 4 3  



c n - '  T R A N S .  C M - '  T R A N S .  c n - '  T R A N S .  

678.8  .00007 691.4  ,50714 704.0  .08390 
679.0  .00028 6 9 1 . 6  , 5 0 1 0 9  704.2  .07379 
679.2  .00048 6 9 1 . 8  .49510 7 0 4 . 4  ,06430 
6 7 9 . 4  ,00069 6 9 2 . 0  .48988 7 0 4 . 6  .05578 
6 7 9 . 6  ,00089 692.2  ,48554 704.8  .04862 
6 7 9 . 8  .00110 692.4  .48238 7 0 5 . 0  .04305 
680.0  .00131 6 9 2 . 6  ,48045 7 0 5 . 2  .03865 
680.2  ,00151 6 9 2 . 8  ,47990 705.4  ,03514 
6 8 0 . 4  ,00172 693.0  .48066 7 0 5 . 6  ,03232 
6 8 0 . 6  .00193 693.2  .48252 705.8  .02978 
6 8 0 . 8  .00206 693.4  , 4 8 5 1 3  706.0  .02737 
681.0  .00227 693.6  .48829 7 0 6 . 2  .02517 
681.2  .00248 6 9 3 . 8  , 4 9 1 7 3  7 0 6 . 4  .02304 
6 8 1 . 4  ,00268 694.0  .49538 7 0 6 . 6  , 0 2 0 9 8  
6 8 1 . 6  .00289 6 9 4 . 2  .49923 7 0 6 . 8  ,01905 
6 8 1 . 8  .00309 694.4  .50329 707.0  ,01712 
682.0  .00344 694.6  .50769 707.2  .01541 
682.2  ,00378 694.8  , 5 1 2 4 3  707.4  .01382 
6 8 2 . 4  .00420 695.0  .51738 7 0 7 . 6  ,01252 
6 8 2 . 6  .00468 6 9 5 . 2  .52234 7 0 7 . 8  .01155 
682.8  .00530 695.4  .52701 708.0 ,01080 
683.0  ,00605 695.6  .53121 708.2 .01025 
6 8 3 . 2  ,00688 695.8  .53458 708.4  .00983 
6 8 3 . 4  ,00770 696.0  , 5 3 7 0 5  708.6  .00928 
6 8 3 . 6  ,00860 696.2 , 5 3 8 5 7  7 0 8 . 8  .00867 
683.8  .00942 696.4  .53905 709.0  .00784 
684.0  .01025 696.6  .53864 709.2  .00701 
684.2  .01128 696.8  .53712 7 0 9 . 4  .00612 
684.4  .01245 697.0  .53472 7 0 9 . 6  .00536 
684.6  .01403 697.2  .53141 709.8  .00468 
6 8 4 . 8  ,01609 697.4  .52729 710.0  .00426 
685.0  .01871 697.6  .52261 7 1 0 . 2  .00385 
685.2  .02215 697.8  .51732 7 1 0 . 4  ,00351 
6 8 5 . 4  .02641 698.0 .51126 710.6  .00316 
685.6  .03184 698.2  .50418 710.8  .00275 
6 8 5 . 8  .03851 698.4  .49558 711 . O  .00227 
6 8 6 . 0  ,04628 698.6  .48506 711.2 .00165 
6 8 6 . 2  .05488 698.8  .47234 7 1 1 . 4  .00103 
686.4  .06403 699.0  .45748 71 1 . 6  .00034 
686.6  ,07338 699.2  .44132 
686.8  ,08260 699.4  .42461 
6 8 7 . 0  ,09195 699.6  .40797 
6 8 7 . 2  ,10247 6 9 9 . 8  .39229 
6 8 7 . 4  . I 1 5 1 3  700.0  .37757 
687.6  . I 3 0 7 4  700.2 .36319 
687.8  . I 5 0 3 4  700.4 .34861 
688.0  . I 7 3 9 3  700.6 .33321 
688.2  .20061 700.8 , 3 1 6 3 6  
688.4  .22950 701.0 .29807 
688.6  ,25969 701.2  .27881 
6 8 8 . 8  .29029 701.4  .25914 
6 8 9 . 0  ,32069 701.6 .23954 
6 8 9 . 2  ,35047 701.8 .22063 
6 8 9 . 4  .37929 702.0 .20274 
689.6  .40680 702.2 . I 8 5 9 6  
689.8  .43272 702.4 . 1 7 0 4 9  
690.0  .45638 702.6  . I 5 6 4 6  
690.2  ,47701 702.8  . I 4 3 9 4  
690.4  ,49380 703.0 . I 3 2 9 4  
690.6  ,50590 703.2 . I 2 2 8 3  
6 9 0 . 8  .51264 703.4 . I 1 3 2 7  
691 . O  .51429 703.6  . l o 3 8 5  

. 6 9 1 . 2  .51202 703.8  .09401 

c n - '  T R A N S .  C M - '  T R A N S .  c n - '  T R A N S .  

6 9 4 . 8  .00051 707.4  .59941 7 2 0 . 0  , 0 0 7 8 5  
6 9 5 . 0  .00154 707.6  ,59291 7 2 0 . 2  , 0 0 7 0 1  
695.2  .00251 707.8  .58462 720.4  .00611 
6 9 5 . 4  , 0 0 3 5 4  7 0 8 . 0  .57484 720.6  .00534 
6 9 5 . 6  ,00450 7 0 8 . 2  , 5 6 4 3 6  7 2 0 . 8  , 0 0 4 6 9  
6 9 5 . 8  , 0 0 5 4 7  7 0 8 . 4  , 5 5 3 9 4  7 2 1 . 0  .00424 
6 9 6 . 0  .00643 708.6  .54430 721.2  .00386 
6 9 6 . 2  .00727 7 0 8 . 8  , 5 3 6 1 9  721.4  , 0 0 3 5 4  
6 9 6 . 4  .00804 7 0 9 . 0  , 5 2 9 8 9  721.6  , 0 0 3 2 2  
6 9 6 . 6  .OO868 7 0 9 . 2  , 5 2 5 0 7  721.8  .00277 
6 9 6 . 8  .00926 709.4  .52153 722.0  .00225 
6 9 7 . 0  ,00971 7 0 9 . 6  .51902 722.2  .00167 
6 9 7 . 2  .01029 7 0 9 . 8  .51716 7 2 2 . 4  .00103 
6 9 7 . 4  , 0 1 1 0 6  7 1 0 . 0  , 5 1 5 8 7  722.6  .00032 
6 9 7 . 6  .01222 710.2  , 5 1 5 2 9  
6 9 7 . 8  .01389 710.4  .51536 
698.0  .01614 710.6  .51626 
6 9 8 . 2  ,01884 7 1 0 . 8  .51793 
6 9 8 . 4  , 0 2 1 8 6  711.0  ,52005 
6 9 8 . 6  .02527 711.2  .52166 
6 9 8 . 8  .02881 711.4  .52198 
699.0  .03248 711.6  .52005 
6 9 9 . 2  .03614 7 1 1 . 8  ,51510 
6 9 9 . 4  ,03981 712.0  .50635 
6 9 9 . 6  .04334 712.2  .49343 
6 9 9 . 8  .04662 712.4  .47594 
700.0  .04997 712.6  .45330 
7 0 0 . 2  , 0 5 3 8 9  7 1 2 . 8  .42526 
7 0 0 . 4  .05897 713.0  .39234 
700.6  ,06579 713.2  .35594 
700.8  .07485 713.4  .31761 
701 . O  , 0 8 6 7 5  713.6  , 2 7 8 9 6  
701.2  , 1 0 1 7 3  7 1 3 . 8  .24147 
701.4  . I 2 0 1 9  714.0  .20623 
7 0 1 . 6  . I 4 2 3 8  714.2  . I 7 3 8 9  
701.8  . I 6 8 6 8  714.4  . I 4 5 1 4  
702.0  . I 9 8 5 2  7 1 4 . 6  . I 2 0 5 1  
702.2  .23041 7 1 4 . 8  . l o 0 7 0  
702.4  ,26302 715.0  .08559 
702.6  .29485 715.2  .07408 
7 0 2 . 8  .32443 7 1 5 . 4  .06534 
703.0  .35150 715.6  .05820 
703.2  .37658 715.8  .05183 
703.4  .40031 716.0  .04579 
703.6  .42346 7 1 6 . 2  .04019 
703.8  .44661 7 1 6 . 4  .03518 
7 0 4 . 0  .46970 716.6  .03087 
7 0 4 . 2  .49208 7 1 6 . 8  .02739 
7 0 4 . 4  .51298 717.0  .02476 
704.6  .53169 717.2  .02276 
704.8  .54751 717.4  .02116 
705.0  .56024 717.6  .01968 
705.2  .57053 717.8  .01826 
705.4  .57889 718.0  .01672 
705.6  ,58584 7 1 8 . 2  .01524 
7 0 5 . 8  ,59201 7 1 8 . 4  .01376 
7 0 6 . 0  .59741 718.6  .01254 
7 0 6 . 2  .60198 7 1 8 . 8  , 0 1 1 5 8  
706.4  .60545 719.0  .01087 
706.6  .60751 719.2  .01029 
706.8  .60809 719.4  .00984 
707.0  .bob93 7 1 9 . 6  .00932 
707.2  .60404 719.8  .00868 





cn-' T R A N S .  cn-' T R A N S .  cn-I T R A N S .  

711.8 .00009 724.4 .74020 737.0 .00566 
712.0 .00017 724.6 .74029 737.2 .00479 
712.2 .00044 724.8 .73951 737.4 .00400 
712.4 .00087 725.0 .73803 737.6 .00331 
712.6 .00157 725.2 ,73603 737.8 .00270 
712.8 .00252 725.4 ,73368 738.0 .00218 
713.0 .00383 725.6 .73124 738.2 .00174 
713.2 ,00531 725.8 ,72880 738.4 .00139 
713.4 .00714 726.0 .72671 738.6 .00113 
713.6 .00896 726.2 .72463 738.8 .00087 
713.8 .01105 726.4 .72271 739.0 ,00061 
714.0 .01305 726.6 .72088 739.2 ,00044 
714.2 ,01514 726.8 ,71914 739.4 ,00026 
714.4 ,01714 727.0 .71732 739.6 .00009 
714.6 .01906 727.2 .71540 
714.8 .02089 727.4 .71340 
715.0 .02263 727.6 .71122 
715.2 .02463 727.8 .70870 
715.4 ,02706 728.0 .70592 
715.6 ,03011 728.2 .70244 
715.8 .03411 728.4 .69826 
716.0 .03890 728.6 .69304 
716.2 .04403 728.8 .68660 
716.4 .04891 729.0 .67781 
716.6 .05326 729.2 .66467 
716.8 .05648 729.4 .64526 
717.0 ,05944 729.6 .61759 
717.2 .06405 729.8 .57974 
717.4 .07231 730.0 .53257 
717.6 .08624 730.2 .48001 
717.8 .I0782 730.4 .42579 
718.0 .I3732 730.6 .37384 
718.2 .17309 730.8 .32807 
718.4 ,21364 731 .O .28943 
718.6 .25741 731.2 ,25663 
718.8 .30283 731.4 .22817 
719.0 .34869 731.6 .20232 
719.2 .39412 731.8 .I7778 
719.4 .43824 732.0 .I5403 
719.6 ,48010 732.2 .I3158 
719.8 ,51899 732.4 .I1104 
720.0 ,55441 732.6 ,09294 
720.2 ,58600 732.8 ,07788 
720.4 .61385 733.0 ,06588 
720.6 .63760 733.2 .05648 
720.8 .65736 733.4 ,04891 
721 .O .67311 733.6 .04273 
721.2 .68547 733.8 .03742 
721.4 .69495 734.0 .03255 
721.6 .70209 734.2 .02828 
721.8 .70748 734.4 .02454 
722.0 .71166 734.6 .02141 
722.2 ,71479 734.8 .01880 
722.4 .71740 735.0 ,01671 
722.6 ,71975 735.2 ,01505 
722.8 ,72228 735.4 .01366 
723.0 .72515 735.6 .01253 
723.2 .72811 735.8 .01149 
723.4 .73098 736.0 .01044 
723.6 .73376 736.2 ,00940 
723.8 .73611 736.4 .00844 
724.0 .73811 736.6 ,00748 
724.2 .73951 736.8 ,00653 

cn-' T R A N S .  CM-' T R A N S .  CM-' T R A N S .  

733.8 .00017 746.4 .67774 759.0 .00765 
734.0 .00059 746.6 .68715 759.2 .00681 
734.2 .00092 746.8 ,69681 759.4 .00605 
734.4 ,00134 747.0 ,70622 759.6 .00529 
734.6 .00176 747.2 .71496 759.8 .00471 
734.8 ,00227 747.4 .72236 760.0 ,00429 
735.0 .00277 747.6 ,72799 760.2 .00395 
735.2 .00328 747.8 ,73135 760.4 .00361 
735.4 .00395 748.0 .73228 760.6 .00319 
735.6 .00462 748.2 .73093 760.8 .00277 
735.8 ,00538 748.4 .72774 761.0 .00227 
736.0 ,00630 748.6 .72295 761.2 .00168 
736.2 ,00723 748.8 ,71673 761.4 .00101 
736.4 ,00832 749.0 ,70942 761.6 ,00034 
736.6 .00941 749.2 ,70118 
736.8 ,01059 749.4 .69228 
737.0 .01193 749.6 .68286 
737.2 .01353 749.8 .67312 
737.4 .01563 750.0 .66320 
737.6 .01832 750.2 .65295 
737.8 ,02185 750.4 .64219 
738.0 ,02622 750.6 ,63093 
738.2 ,03118 750.8 .61891 
738.4 .03655 751 .O .60622 
738.6 .04219 751.2 .59311 
738.8 .04782 751.4 .57984 
739.0 ,05395 751.6 .56656 
739.2 ,06126 751.8 ,55353 
739.4 ,07050 752.0 .54043 
739.6 .a8261 752.2 .52648 
739.8 .09832 752.4 .51093 
740.0 .I1773 752.6 ,49311 
740.2 ,14017 752.8 ,47211 
740.4 .16496 753.0 .44790 
740.6 ,19135 753.2 .42143 
740.8 .21883 753.4 .39336 
741.0 .24715 753.6 .36446 
741 .2 .27681 753.8 ,33555 
741.4 .30832 754.0 ,30706 
741.6 ,34210 754.2 .27891 
741.8 ,37857 754.4 .25109 
742.0 ,41706 754.6 .22362 
742.2 .45563 754.8 .I9647 
742.4 ,49236 755.0 .I7017 
742.6 .52547 755.2 .14530 
742.8 .55295 755.4 .I2277 
743.0 .57446 755.6 .lo336 
743.2 .59068 755.8 .08773 
743.4 .60278 756.0 .07580 
743.6 ,61152 756.2 ,06672 
743.8 ,61799 756.4 ,05950 
744.0 ,62269 756.6 .05319 
744.2 .62614 756.8 .04672 
744.4 .62875 757.0 .03992 
744.6 .63093 757.2 .03319 
744.8 .63312 757.4 .02689 
745.0 .63555 757.6 ,02134 
745.2 .63858 757.8 ,01697 
745.4 .64236 758.0 .01395 
745.6 .64715 758.2 .01185 
745.8 ,65320 758.4 .01042 
746.0 ,66051 758.6 .00941 
746.2 ,66875 758.8 .00857 



V T P R  

SET: 1  SET: 1  
F I L T E R :  7 F I L T E R :  8  
S I N :  D . C . L . I .  1 - 3 - 8  S I N :  O . C . L . I .  1 0  
CENTROID: 5 3 3 . 1  CENTROID: 8 3 5 . 5  

EOUIV .  WIDTH: 8 . 1 5  EOUIV .  WIDTH: 5 . 5 8  
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505  5 1 0  5 1 5  5 2 0  5 2 5  5 3 0  5 3 5  5 4 0  5 4 5  5 5 0  5 5 5  5 6 0  5 6 5  
WAVENUMBER 

WAVENUMBER 

(DOUBLE SCALE) 



cn-' T R A N S .  cn-' T R A N S .  cn-' T R A N S .  cn-l T R A N S .  

509.9 .00008 522.5 .lo640 535.1 .46977 547.7 .02069 
510.1 .00024 522.7 ,11203 535.3 .47246 547.9 .01939 
510.3 .00041 522.9 .I1814 535.5 .47564 548.1 .01825 
510.5 .00057 523.1 ,12473 535.7 .47865 548.3. ,01727 
510.7 .00081 523.3 ,13150 535.9 ,48110 548.5 .01638 
510.9 .00114 523.5 ,13834 536.1 .48264 548.7 .01548 
511.1 ,00155 523.7 .I4486 536.3 ,48362 548.9 .a1450 
511.3 ,00196 523.9 .15097 536.5 .48419 549.1 .01344 
51 1.5 .00244 524.1 .I5675 536.7 .48468 549.3 .01238 
51 1.7 .00285 524.3 .I6254 536.9 .48533 549.5 ,01132 
51 1.9 .00318 524.5 .I6881 537.1 .48598 549.7 .01043 
512.1 .00350 524.7 .I7598 537.3 .48607 549.9 ,00961 
512.3 .00375 524.9 ,18445 537.5 .48525 550.1 .00896 
5 11.5 .00416 525.1 ,19431 537.7 .48289 550.3 .00839 
512.7 .00464 525.3 ,20515 537.9 ,47857 550.5 .00790 
512.9 ,00538 525.5 ,21680 538.1 ,47222 550.7 .00733 
513.1 ,00619 525.7 .22894 538.3 ,46431 550.9 .00668 
513.3 ,00717 525.9 ,24108 538.5 .45543 557.1 ,00587 
513.5 ,00798 526.1 .25322 538.7 .44582 551.3 ,00505 
513.7 .00872 526.3 .26552 538.9 .43612 551.5 ,00424 
513.9 .00921 526.5 .27790 539.1 .42635 551.7 .00342 
514.1 .00945 526.7 ,29053 539.3 .41600 551.9 .00261 
514.3 .a0970 526.9 .30357 539.5 .40468 552.1 .00196 
514.5 .01002 527.1 ,31685 539.7 ,39197 552.3 .00139 
514.7 .01059 527.3 .33013 539.9 .37746 552.5 .00081 
514.9 .01157 527.5 ,34324 540.1 ,36109 552.7 .00024 
515.1 .01295 527.7 .35587 540.3 .34316 
515.3 .01458 527.9 .36793 540.5 .32385 
515.5 ,01638 528.1 .37926 540.7 .30349 
515.7 .01817 528.3 .38993 540.9 .28238 
515.9 ,01980 528.5 .40019 541.1 .26096 
516.1 .02118 528.7 .41013 541.3 .23969 
516.3 .02241 528.9 .41983 541.5 .21924 
516.5 .02355 529.1 .42936 541.7 .20002 
516.7 .02452 529.3 ,43857 541.9 .I8250 
516.9 .02542 529.5 .44753 542.1 .I6702 
517.1 .02640 529.7 ,45592 542.3 .I5317 
517.3 .02737 529.9 .46391 542.5 .I4095 
517.5 .02860 530.1 .47124 542.7 .I3003 
517.7 ,03014 530.3 .47784 542.9 .I2025 
517.9 ,03202 530.5 .48346 543.1 .I1137 
518.1 ,03422 530.7 .48810 543.3 .lo323 
518.3 ,03658 530.9 .49161 543.5 .09565 
518.5 .03894 531.1 .49397 543.7 .08848 
518.7 ,04106 531.3 .49544 543.9 .08155 
518.9 .04277 531.5 .49633 544.1 .07479 
519.1 ,04416 531.7 .49682 544.3 .06844 
519.3 .04538 531.9 .49715 544.5 ,06257 
519.5 .04685 532.1 .4973< 544.7 .05736 
519.7 .04872 532.3 .49747 544.9 ,05288 
519.9 .05149 532.5 .49723 545.1 .04921 
520.1 .05499 532.7 .49649 545.3 .04611 
520.3 .05899 532.9 ,49535 545.5 .04351 
520.5 .06339 533.1 .49348 545.7 .04114 
520.7 .06779 533.3 .49120 545.9 .03886 
520.9 .07210 533.5 .48827 546.1 .03666 
521.1 .07618 533.7 .48484 546.3 .03438 
521.3 ,08009 533.9 .48102 546.5 .03218 
521.5 .08400 534.1 .47694 546.7 .03006 
521.7 .08799 534.3 .47311 546.9 .02795 
521.9 .09206 534.5 .47010 547.1 .02591 
522.1 .09655 534.7 .46831 547.3 .O2403 

, 522.3 .lo127 534.9 .46822 547.5 .02224 

cn-' T R A N S .  cn-' T R AN S .  cn" T R A N S .  

815.8 .00011 828.4 ,09874 841.0 .I7193 
816.0 .00028 828.6 .lo593 841.2 .I5575 
816.2 .00050 828.8 .I1436 841.4 ,14046 
816.4 .00073 829.0 .12384 841.6 ,12646 
816.6 .00089 829.2 .I3405 841.8 .I1397 
816.8 .00112 829.4 .I4459 842.0 ,10314 
817.0 ,00128 829.6 .I5497 842.2 .09377 
817.2 .00151 829.8 ,16490 842.4 .08557 
817.4 .00173 830.0 .I7438 842.6 .07832 
817.6 .00190 830.2 ,18392 842.8 .07179 
817.8 .00212 830.4 .I9418 843.0 .06588 
818.0 .00229 830.6 .20562 843.2 .06047 
818.2 .00245 830.8 .21884 843.4 .05556 
818.4 .00268 831 .O .23373 843.6 .05110 
818.6 .00290 831.2 .24969 843.8 ,04697 
818.8 .00312 831.4 .26603 844.0 ,04323 
819.0 .00335 831.6 .28221 844.2 ,03972 
819.2 .00357 831.8 .29755 844.4 ,03648 
819.4 .00379 832.0 .31211 844.6 ,03347 
819.6 .00396 832.2 .32684 844.8 .03057 
819.8 ,00407 832.4 .34257 845.0 .02784 
820.0 .00413 832.6 .36020 845.2 .02527 
820.2 ,00424 832.8 .38056 845.4 .02298 
820.4 .00441 833.0 .40343 845.6 .02092 
820.6 ,00474 833.2 ,42753 845.8 ,01919 
820.8 .00530 833.4 .45168 846.0 ,01774 
821.0 .00608 833.6 ,47450 846.2 ,01651 
821 .2 .00692 833.8 .49475 846.4 .01545 
821.4 .00781 834.0 .51226 846.6 .01450 
821 .6 .00865 834.2 .52771 846.8 .01350 
821.8 .00932 834.4 .54199 847.0 .01250 
822.0 .00987 834.6 .55594 847.2 .01149 
822.2 ,01032 834.8 .57028 847.4 .01049 
822.4 .01088 835.0 .58517 847.6 .00948 
822.6 .01155 835.2 .60018 847.8 .00853 
822.8 .01250 835.4 .61479 848.0 ,00759 
823.0 .01372 835.6 .62857 848.2 ,00675 
823.2 .01512 835.8 .64101 848.4 .00597 
823.4 .01662 836.0 .65139 848.6 .00530 
823.6 .01819 836.2 .65875 848.8 .00474 
823.8 ,01980 836.4 .66221 849.0 .00430 
824.0 .02131 836.6 .66081 849.2 .00396 
824.2 .02287 836.8 .65367 849.4 .00357 
824.4 ,02443 837.0 ,64101 849.6 .00324 
824.6 .02611 837.2 .62400 849.8 .00279 
824.8 ,02789 837.4 .60397 850.0 ,00223 
825.0 ,02984 837.6 .58216 850.2 ,00167 
825.2 ,03191 837.8 .55984 850.4 .00100 
825.4 .03420 838.0 .53736 850.6 ,00033 
825.6 .03665 838.2 .51410 
825.8 ,03938 838.4 .48956 
826.0 .04234 838.6 .46312 
826.2 .04558 838.8 .43422 
826.4 .04909 839.0 .40320 
826.6 .05294 839.2 .37141 
826.8 .05712 839.4 .34011 
827.0 .06164 839.6 .31060 
827.2 .06644 839.8 .28427 
827.4 .07140 840.0 .26135 
827.6 ,07642 840.2 .24104 
827.8 ,08156 840.4 .22269 
828.0 .08680 840.6 .20545 
828.2 .09243 840.8 .I8860 



SET: 1 

V T P R  

COZ TRANSMITTANCE VALUES 

T A U  



zoo 

250 

300 

V T P R  

SET:  1 

COZ WEIGHTING FUNCTIONS 

C02 WEIGHTING FUNCTION VALUES 



V T P R  
[ZENITH ANGLE 2 3 0 4 7 ' 1  

S E T :  1 

COZ T R A N S M I T T A N C E S  

COZ T R A N S M I T T A N C E  V A L U E S  

1 2 3 4 5 6 

T A U  
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SET: 1 

COZ WEIGHTING FUNCTIONS 

V T P R  
[ZENITH ANGLE 2 3 0 4 7 ' 1  

COZ WEIGHTING FUNCTION VALUES 

I 2 3 4 5 6 



V T P R  

S E T :  2 
F I L T E R :  1 
S I N :  GRUB0 PARSONS2 
CENTROID:  6 6 8 . 7  
E O U I V .  k I D T H :  1 . 6 1  

655  6 6 0  665  6 7 0  675  6 8 0  685  

WAVENUMBER 

S E T :  2 
F I L T E R :  2 
S I N :  O . C . L . I .  3 A  
C E N T R O I D :  6 7 7 . 1  
E O U I V .  W I D T H :  6 . 5 0  

6 6 0  6 6 5  6 7 0  6 7 5  6 8 0  6 8 5  6 9 0  

MAVENUMBER 



CR-' TRANS.  CM-' TRANS.  

661.8 .00100 674.4 .01306 
662.0 .00307 674.6 .01164 
662.2 .00537 674.8 .01079 
662.4 .00801 675.0 .01024 
662.6 .01071 675.2 .00979 
662.8 .01301 675.4 .00921 
663.0 ,01458 675.6 .00841 
663.2 .01587 675.8 .00727 
663.4 .01745 676.0 .00584 
663.6 .01968 676.2 .00436 
663.8 ,02245 676.4 , .00301 
664.0 .02563 676.6 .00190 
664.2 .02883 676.8 .00106 
664.4 .03150 677.0 .00053 
664.6 .03325 677.2 .00021 
664.8 .03582 677.4 .00006 
665.0 .04200 677.6 *OOOOO 
665.2 .05356 
665.4 .06822 
665.6 .08274 
665.8 .09559 
666.0 .lo917 
666.2 .I2630 
666.4 .I4714 
666.6 .I6879 
666.8 .I8854 
667.0 .20753 
667.2 .22949 
667.4 .25721 
667.6 .28784 
667.8 .31667 
668.0 .33976 
668.2 .35568 
668.4 .36341 
668.6 .36297 
668.8 .35659 
669.0 .34682 
669.2 .33405 
669.4 .31649 
669.6 .29263 
669.8 .26498 
670.0 ,23841 
670.2 .21680 
670.4 .I9851 
670.6 .I8005 
670.8 .I5926 
671.0 ,13791 
671.2 ,11853 
671.4 .lo236 
671.6 .08845 
671.8 ,07575 
672.0 .06417 
672.2 ,05465 
672.4 .04808 
672.6 ,04388 
672.8 ,04052 
673.0 .03669 
673.2 ,03235 
673.4 .02799 
673.6 .02405 
673.8 .02058 
674.0 .01757 
674.2 .01505 

cfl-' TRANS cn-' TRANS.  cn-l T R A N S .  

665.5 .00026 678.1 .57486 690.7 .00020 
665.7 .00072 678.3 .57499 
665.9 .00130 678.5 .57499 
666.1 ,00195 678.7 .57466 
666.3 .00286 678.9 ,57330 
666.5 .00403 679.1 .57024 
666.7 .00553 679.3 .56569 
666.9 ,00774 679.5 .56049 
667.1 .01099 679.7 ,55567 
667.3 .01541 679.9 .55060 
667.5 ,02035 680.1 .54319 
667.7 .02497 680.3 .53155 
667.9 .02887 680.5 ,51634 
668.1 .03238 680.7 ,50132 
668.3 ,03648 680.9 .48994 
668.5 .04194 681.1 .48187 
668.7 .04883 681.3 .47271 
668.9 .05676 681.5 ,45801 
669.1 .06535 681.7 ,43447 
669.3 .07490 681.9 .40437 
669.5 .08680 682.1 .37101 
669.7 .lo221 682.3 ,33753 
669.9 .I2127 682.5 .30554 
670.1 ,14272 682.7 .27602 
670.3 ,16548 682.9 .24968 
670.5 .I8889 683.1 ,22569 
670.7 .21282 683.3 .20261 
670.9 .23726 683.5 .I7913 
671.1 .26197 683.7 .I5573 
671.3 .28662 683.9 .I3427 
671.5 .31100 684.1 .?I691 
671.7 .33480 684.3 .lo351 
671.3 ,35788 684.5 ,09188 
672.1 .37999 684.7 .07978 
672.3 .40099 684.9 .06697 
672.5 .42049 685.1 .05507 
672.7 ,43799 685.3 .04571 
672.9 .45320 685.5 .03927 
673.1 .46588 685.7 .03479 
673.3 .47596 685.9 .03134 
673.5 ,48337 686.1 .02815 
673.7 .48877 686.3 .02516 
673.9 .49351 686.5 .02198 
674.1 .49878 686.7 .01866 
674.3 .50509 686.9 .01548 
674.5 ,51172 687.1 .01300 
674.7 .51809 687.3 ,01157 
674.9 .52394 687.5 .01079 
675.1 .52941 687.7 .01001 
675.3 .53454 687.9 .00871 
675.5 .53948 688.1 .00722 
675.7 ,54397 688.3 .00566 
675.9 ,54787 688.5 .00449 
676.1 ,55132 688.7 ,00371 
676.3 .55457 688.9 .00319 
676.5 .55802 689.1 .OOZ80 
676.7 .56185 689.3 ,00247 
676.9 .56569 689.5 .00215 
677.1 .56900 689.7 .00182 
677.3 .57141 689.9 .00150 
677.5 ,57304 690.1 .00117 
677.7 .57401 690.3 .00085 
677.9 .57460 690.5 .00052 





c TRANS.  

672.1 .00014 
672.3 .00035 
672.5 .00055 
672.7 ,00076 
672.9 .00090 
673.1 .00104 
673.3 .00118 
673.5 .00132 
673.7 .00139 
673.9 .00146 
674.1 .00153 
674.3 .00160 
674.5 .00173 
674.7 .00180 

- - 

C 1  TRANS.  

684.7 ,01630 
684.9 ,01803 
685.1 .02004 
685.3 ,02219 
685.5 ,02448 
685.7 .02677 
685.9 .02892 
686.1 ,03100 
686.3 ,03315 
686.5 ,03600 
686.7 ,04016 
686.9 .04612 
687.1 .05451 
687.3 .06568 
687.5 ,07941 
687.7 .09578 
687.9 .I1465 
688.1 .I3594 
688.3 ,15966 
688.5 .I8553 
688.7 ,21348 
688.9 .24337 
689.1 .27500 
689.3 ,30788 
689.5 .34110 
689.7 .37383 
689.9 .40511 
690.1 .43417 
690.3 ,46018 
690.5 .48245 
690.7 .50048 
690.9 .51352 
691.1 .52108 
691.3 .52344 
691.5 .52212 
691.7 .51851 
691.9 .51407 
692.1 .51019 
692.3 .50741 
692.5 .50526 
692.7 .50332 
692.9 .50124 
693.1 .49854 
693.3 .49535 
693.5 .49229 
693.7 .&a987 
693.9 .48883 
694.1 .48973 
694.3 .49257 
694.5 .49708 
694.7 .50263 
694.9 .50880 
695.1 .51518 
695.3 .52142 
695.5 .52739 
695.7 .53294 
b95.9 .53779 
696.1 .54195 
696.3 .54528 
696.5 .54771 
696.7 .54931 
696.9 .55000 
697.1 .54979 

cn-' T R A N S .  CN-I T R A NS .  T R A N S .  

.00014 

.00041 

.00062 

.00082 

.00096 

.00103 
,00103 
.00096 
.00096 
,00096 
.00103 
.00123 
.00144 
,00164 
,00185 
.002 12 
.00233 
,00253 
,00267 
.00288 
.00308 
.00336 
,00356 
.00377 
.00390 
.00404 
,00418 
.00432 
.00452 
.00480 
.00527 
.00582 
.0065 1 
.00712 
.00774 
,00822 
.00856 
.00884 
.00918 
,00966 
.01034 
.01130 
,01233 
.01343 
.01452 
.01548 
.01644 
,01761 
.01925 
.02151 
.02473 
.02884 
.03370 
,0391 1 
.(I4501 
.05103 
.05740 
.06425 
.07179 
,08028 
.09001 
.I0145 
.I1529 

TRANS.  

.I3221 

.15296. 

.I7824 

.20756 
,23941 
,27230 
.30456 
,33477 
.36231 
.38772 
.41142 
.43403 
,45588 
,47718 
.49760 
.51685 
.53473 
,55082 
.56514 
.57768 
.58857 
,59789 
.60576 
.61213 
.61693 
.6 1994 
.62118 
.62035 
,61768 
.61350 
.60823 
.60220 
.59576 
,58905 
,58213 
.57480 
.56706 
,55884 
.55048 
.54260 
.53575 
,53068 
.52794 
.52767 
,52925 
.53219 
.53596 
.54000 
,54370 
.54623 
.54671 
.54445 
,53856 
.52931 
.5 1767 
.50465 
,49136 
.47890 
,46650 
.45198 
.43300 
,40718 
.37238 

TRANS.  

.32929 
,28168 
.23339 
.I8824 
.I4988 
.I1974 
.09652 
,07885 
.06549 
.05514 
.04686 
.04035 
.035 14 
.03089 
.02720 
,02384 
.02089 
.01822 
.01596 
.014ll 
.01260 
.01130 
,01028 
.00938 
.00863 
.00788 
.00726 
.00664 
.00617 
.00582 
.00555 
.00534 
.a0521 
.00507 
.00493 
.00473 
.00452 
.00432 
,00411 
.00390 
.00370 
.00349 
,00329 
.00308 
.00288 
.00267 
.00253 
,00233 
.002 12 
.00192 
.00171 
.00151 
.00130 
.00110 
.00089 
.00069 
.00048 
.00027 
.00007 



V T P R  I 
S E T :  2 
F I L T E R :  5 
S I N :  O . C . L . I .  Z D  
C E N T R O I D :  725.3 
E O U I V .  Y I D T H :  8.90 

S E T :  Z  
F I L T E R :  6 
S I N :  O . C . L . I .  4C 
C E N T R O I D :  747.6 

765 

.8 

.7 - 

.6 - 

.5 - 

.4 - 

. 3  - 

. Z  

YAVENUflBER 

E O U I V .  U I D T H :  8.40 

- 

. 1  - 

0.0 - , I 

735 740 745 750 755 760 





V T P R  

S E T :  2  
F I L T E R :  7 
S I N :  D . C . L . I .  2-1-C 
CENTROID:  533.9 
E O U I V .  WIDTH:  8.27 

505 510 515 520 525 530 535 540 545 550 555 560 565 

WAVENUMBER 

S E T :  2 
F I L T E R :  8 
S I N :  D . C . L . I .  2 D  
C E N T R O I D :  834.0 
E O U I V .  W I D T H :  5.54 

WAVENUMBER 

I (DOUBLE S C A L E )  I 



C H - '  TRANS.  CM-I  T R A N S .  CM" T R A N S .  C H - l  T R A N S .  

515.3 .00033 527.9  .33353 5 4 0 . 5  .38591 553.1  .00041 
515.5  .00099 528.1 .34892 5 4 0 . 7  .37060 5 5 3 . 3  .00017 
515.7 .00165 528.3  .36498 5 4 0 . 9  .35256 
5 1 5 . 9  .00240 528.5  .38078 5 4 1 . 1  .33196 
516.1 .00314 5 2 8 . 7  .39534 5 4 1 . 3  .31078 
516.3 .00397 528.9  .40734 541.5  , 2 9 1 0 0  
516.5  .00496 529.1 .41578 541.7  .27396 
516.7  .00612 529.3  .42182 5 4 1 . 9  .25791 
5 1 6 . 9  .00753 529.5 -42894 5 4 2 . 1  .24003 
517.1  .00902 5 2 9 . 7  .44052 5 4 2 . 3  , 2 1 8 6 9  
517.3  .01067 529.9  .45599 542.5  .19635 
517.5  .01241 530.1 .47105 5 4 2 . 7  .17599 
517.7 .01398 530.3  .48131 5 4 2 . 9  . I 6 0 2 7  
517.9 ..01547 530.5  .48594 543.1  , 1 4 8 2 7  
518.1  .01680 530.7  .A8752 5 4 3 . 3  . I 3 8 5 1  
518.3  .01820 530.9  . & a 8 6 8  543.5  . I 2 9 4 9  
518.5  .01986 531.1 , 4 9 0 6 6  5 4 3 . 7  . I 2 0 3 1  
518.7 .02168 5 3 1 . 3  .49323 5 4 3 . 9  . I 1 0 8 7  
518.9  .02383 531.5 .49604 5 4 4 . 1  . l o 1 0 3  
519.1 .02623 531.7  ,49869 5 4 4 . 3  .09135 
519.3  .02879 5 3 1 . 9  .50109 544.5  .08266 
519.5 .03152 532.1  .50299 544.7  .07596 
519.7  .03450 532.3  .50415 5 4 4 . 9  .07108 
519.9  .03748 532.5  , 5 0 4 2 3  545.1  .06652 
520.1 .04046 5 3 2 . 7  .SO299 5 4 5 . 3  .06106 
5 2 0 . 3  .04352 532.9  .50026 545.5  .05461 
520.5  .04642 533.1 .49695 5 4 5 . 7  .04849 
520.7  .04948 533.3  ,49397 5 4 5 . 9  .04402 
520.9  .05254 533.5  .49248 546.1  .04137 
5 2 1 . 1  .05593 5 3 3 . 7  .49240 5 4 6 . 3  .03947 
5 2 1 . 3  .05966 533.9  .49281 5 4 6 . 5  .03699 
521.5  .06396 534.1 .49298 5 4 6 . 7  , 0 3 3 2 6  
521.7  ,06892 534.3  ,49240 5 4 6 . 9  .02896 
521.9  .07414 534.5  .49149 547.1  .02499 
522.1  .07902 534.7  .49058 5 4 7 . 3  .02217 
522.3  .08316 534.9  .48992 5 4 7 . 5  .02027 
522.5 .08704 535.1 ,48975 547.7  , 0 1 9 0 3  
5 2 2 . 7  .09102 5 3 5 . 3  .49041 5 4 7 . 9  .01796 
522.9  .09548 535.5  .49174 548.1  .01713 
523.1 . l o 0 7 0  535.7  , 4 9 3 2 3  5 4 8 . 3  , 0 1 6 3 8  
5 2 3 . 3  . l o 6 6 5  5 3 5 . 9  , 4 9 4 6 3  548.5  .01564 
5 2 3 . 5  . I 1 3 5 2  5 3 6 . 1  , 4 9 5 6 3  5 4 8 . 7  .01498 
523.7  . I 2 1 0 5  536.3  .49612 5 4 8 . 9  .01431 
523.9  . I 2 8 9 9  536.5 .49604 549.1  .01365 
524.1  ,13702 5 3 6 . 7  .49529 5 4 9 . 3  .01299 
5 2 4 . 3  . I 4 5 1 3  5 3 6 . 9  , 4 9 4 3 8  549.5  .01233 
524.5  . I 5 4 0 7  537.1  .49397 549.7  .01167 
524.7  . I 6 4 2 4  537.3  .49447 5 4 9 . 9  .01109 
5 2 4 . 9  , 1 7 5 3 3  537.5  .49563 550.1 , 0 1 0 4 3  
5 2 5 . 1  . I 8 5 5 9  5 3 7 . 7  .49703 5 5 0 . 3  .00952 
5 2 5 . 3  . I 9 3 7 0  537.9  .49819 550.5  .00852 
525.5  .20032 538.1 .49885 5 5 0 . 7  .00753 
525.7  .20793 5 3 8 . 3  ,49860 5 5 0 . 9  .00654 
5 2 5 . 9  .21927 538.5  .49703 551.1  .00563 
5 2 6 . 1  .23424 538.7  .49389 5 5 1 . 3  .00480 
5 2 6 . 3  .25038 538.9  .48909 551.5  .00397 
526.5  .26502 5 3 9 . 1  , 4 8 2 4 7  5 5 1 . 7  .00323 
5 2 6 . 7  ,27611 5 3 9 . 3  .47378 5 5 1 . 9  .00257 
5 2 6 . 9  .28455.  539.5 ,46261 552.1  .00199 
5 2 7 . 1  .29200 5 3 9 . 7  .44871 5 5 2 . 3  , 0 0 1 5 7  
5 2 7 . 3  .29977 5 3 9 . 9  .43258 . 552.5  .00124 
527.5  .30888 540.1 ,41594 5 5 2 . 7  .00099 

. 5 2 7 . 7  .31996 540.3  .40047 5 5 2 . 9  .00074 

c n - '  T R A N S .  C M - I  T R A N S .  C M - I  TRANS.  

817.8  .00011 8 3 0 . 4  .30272 8 4 3 . 0  .03823 
8 1 8 . 0  .00044 8 3 0 . 6  .31823 8 4 3 . 2  .03530 
8 1 8 . 2  .00083 8 3 0 . 8  .33552 8 4 3 . 4  .03253 
8 1 8 . 4  ,00122 8 3 1 . 0  .35469 8 4 3 . 6  .02987 
8 1 8 . 6  .00166 8 3 1 . 2  .37520 8 4 3 . 8  .02743 
8 1 8 . 8  .00211 8 3 1 . 4  .39636 8 4 4 . 0  .02510 
819.0  ,00260 8 3 1 . 6  . 4 1 7 5 3  8 4 4 . 2  .02300 
8 1 9 . 2  .00316 8 3 1 . 8  .43803 8 4 4 . 4  .02106 
8 1 9 . 4  .00377 8 3 2 . 0  .45759 8 4 4 . 6  .01928 
8 1 9 . 6  , 0 0 4 4 3  8 3 2 . 2  .47677 8 4 4 . 8  .01757 
8 1 9 . 8  .00521 8 3 2 . 4  .49605 845.0 .01601 
8 2 0 . 0  .00604 8 3 2 . 6  .51611 8 4 5 . 2  .01457 
820.2  .00693 8 3 2 . 8  .53750 8 4 5 . 4  .01319 
820.4 ,00776 8 3 3 . 0  .56016 8 4 5 . 6  .01191 
8 2 0 . 6  .00853 8 3 3 . 2  .58288 8 4 5 . 8  .01069 
820.8  .00914 8 3 3 . 4  .60438 8 4 6 . 0  .00959 
8 2 1 . 0  , 0 0 9 6 4  8 3 3 . 6  .62333 846.2  .00848 
8 2 1 . 2  .01014 8 3 3 . 8  .63829 8 4 6 . 4  .00754 
8 2 1 . 4  .01064 8 3 4 . 0  .64877 8 4 6 . 6  .00659 
8 2 1 . 6  ,01130 8 3 4 . 2  .65530 8 4 6 . 8  .00582 
8 2 1 . 8  .Ol225 8 3 4 . 4  .65880 8 4 7 . 0  .00510 
8 2 2 . 0  .01352 a34 .6  .66007 8 4 7 . 2  .00449 
822.2  .01S02 8 3 4 . 8  .65985 8 2 7 . 4  .00388 
8 2 2 . 4  , 0 1 6 6 8  8 3 5 . 0  .65846 8 4 7 . 6  .00338 
8 2 2 . 6  .01856 8 3 5 . 2  .65508 8 4 7 . 8  .00288 
8 2 2 . 8  .02050 8 3 5 . 4  .64882 8 4 8 . 0  .00244 
823.0  .02250 8 3 5 . 6  .63868 8 4 8 . 2  .00199 
8 2 3 . 2  .02449 8 3 5 . 8  .62377 8 4 8 . 4  .00161 
8 2 3 . 4  .02654 8 3 6 . 0  .60377 8 4 8 . 6  .00122 
8 2 3 . 6  .02854 8 3 6 . 2  .57961 8 4 8 . 8  .00094 
8 2 3 . 8  .03048 836.4  .55229 8 4 9 . 0  .00066 
8 2 4 . 0  .03242 8 3 6 . 6  ,52281 849.2  .00044 
8 2 4 . 2  .03441 8 3 6 . 8  .49234 849.4 .00028 
8 2 4 . 4  ,03652 837.0  .46158 8 4 9 . 6  .00011 
8 2 4 . 6  .03895 8 3 7 . 2  .43094 
8 2 4 . 8  .04173 8 3 7 . 4  .40074 
8 2 5 . 0  .04494 8 3 7 . 6  .37132 
8 2 5 . 2  ,04854 8 3 7 . 8  .34306 
8 2 5 . 4  .05248 8 3 8 . 0  .31613 
8 2 5 . 6  .05669 838.2  .29058 
825.8  ,06112 838.4 .26653 
8 2 6 . 0  .06583 8 3 8 . 6  .24392 
8 2 6 . 2  .07065 8 3 8 . 8  .22287 
8 2 6 . 4  , 0 7 5 7 5  8 3 9 . 0  .20336 
8 2 6 . 6  .08096 8 3 9 . 2  . I 8 5 3 0  
8 2 6 . 8  .08639 8 3 9 . 4  . I 6 8 7 3  
8 2 7 . 0  .09210 8 3 9 . 6  . I 5 3 5 5  
827.2  .09847 8 3 9 . 8  , 1 3 9 6 4  
827.4  ,10595 8 4 0 . 0  . I 2 7 0 6  
827.6  . I 1 4 9 8  8 4 0 . 2  . I 1 5 7 0  
8 2 7 . 8  . I 2 5 9 5  840.4  . l o 5 4 5  
8 2 8 . 0  . I 3 8 9 2  8 4 0 . 6  , 0 9 6 2 5  
8 2 8 . 2  .15333 8 4 0 . 8  .08805 
8 2 8 . 4  ,16851 8 4 1 . 0  .08074 
8 2 8 . 6  .18380'  8 4 1 . 2  .07431 
828.8  . I 9 8 6 0  8 4 1 . 4  .06854 
8 2 9 . 0  .21256 8 4 1 . 6  .06345 
8 2 9 . 2  .22575 8 4 1 . 8  .05890 
8 2 9 . 4  , 2 3 8 3 8  8 4 2 . 0  .05480 
8 2 9 . 6  ,25080 8 4 2 . 2  .05103 
829.8  .26310 8 4 2 . 4  .04760 
8 3 0 . 0  .27556 8 4 2 . 6  .04433 
8 3 0 . 2  .28864 842.8  .04123 



V T P R  

SET:  2 

C02 TRANSMITTANCES 

1000 
0 .0  0.1 0.2 0 . 3  0.4 0.5 0.6 0 . 7  0 .  0 . 9  1 .0  

T A U  

C02 TRANSMITTANCE VALUES 

1 2 3 4 5 6 



zoo 

250 

100 

V T P R  

SET:  2  

Cot WEIGHTING FUNCTIQNS 

C02 WEIGHTING FUNCTION VALUES 

.02621 .02892 .01297 .On177 00173 001 1 $ 



V T P R  
[ZENITH ANGLE 23.47'1 

LU 70 

a 
3 100 

V) 

V) 

Lu 150 

a 
Q zoo 

SET :  2 

COZ TRANSMITTANCES 

COZ TRANSMITTANCE VALUES 

1 2 3 4 5 6 
.98818 .99784 .99899 .99982 .99979 .99999 
.97951 .99611 .99814 .999ZZ .99906 .99991 
.96672 .99337 .99675 .998 18 .99777 .99965 
.94883 .98961 .99475 .99698 .99637 .999ZZ 
.92213 .98407 .99197 .99560 .99486 .99864 
.a8584 .97645 .98842 .99401 -99313 .99802 
.a4077 .96644 .98399 .99ZZO .99104 .99742 
.78992 .95350 .97851 .99008 .98842 .99679 
.73761 .93704 .97169 .98749 -98514 .99609 
.68700 .91649 .96329 .98436 .98114 -99528 

.63842 .a9132 .9531'1 .98064 .97640 .99435 

.59001 .a6106 .94100 .97630 .97094 -99329 

.53980 .a2532 .92662 .97116 .96464 .99205 

.48737 .78389 .90968 .96506 .95744 .99057 

.43344 .73676 .a900 1 .95794 .94939 .98883 

.37911 .68420 .a6748 .94972 .94057 .98683 

.32565 .62681 .a4196 .94034 .93110 -98556 

.27436 .56552 .a1336 .92971 .92107 .98199 

.22637 .50158 .78166 .91776 .91053 .97912 

.I8260 .43645 .74696 .90446 .a9954 -97593 



V T P R  
[ZENITH ANGLE Z3OC7'1 

SET: 2  IGHTING FUNCTION 

4 

VALUES 

5 
COZ WEIGHTING FUNCTIONS 

150 

ZOO 

250 

300 



I V T P R  

SET:  3  
F I L T E R :  1  
S I N :  S . S . 1 3 0 9 1 6 7 1 - 1  
CENTROID:  6 6 8 . 5  
E O U I V .  WIDTH:  2 . 1 4  

6 5 5  6 6 0  6 6 5  6 7 0  6 7 5  6 8 0  6 8 5  

WAVENUMBER 

SET:  3  
F I L T E R :  2 
S I N :  D . C . L . I .  1 A  
CENTROID:  6 7 7 . 9  
E O U I V .  WIDTH:  6 . 9 5  

6 6 5  6 7 0  6 7 5  6 8 0  6 8 5  6 9 0  6 9 5  

WAVENUMBER 







cn-' T R A N S .  CM" T R A N S .  CM-l T R A N S .  

677.8 .00014 690.4 .47901 703.0 ,13191 
678.0 .00041 690.6 .49184 703.2 .I2158 
678.2 .00061 690.8 .50136 703.4 .I1212 
678.4 .00081 691.0 ,50785 703.6 ,10334 
678.6 .00095 691.2 ,51176 703.8 .09469 
678.8 .00101 691.4 .51352 704.0 .08625 
679.0 .00101 691.6 .51352 704.2 .07801 
679.2 .00101 691.8 ,51217 704.4 ,07004 
679.4 ,00095 692.0 .50987 704.6 .06254 
679.6 .00095 692.2 ,50677 704.8 .05559 
679.8 .DO108 692.4 ,50332 705.0 ,04924 
680.0 .00122 692.6 .49974 705.2 .04350 
680.2 .00142 692.8 ,49636 705.4 .03843 
680.4 ,00169 693.0 .49332 705.6 ,03397 
680.6 .00189 693.2 .49110 705.8 .03019 
680.8 .00209 693.4 .48974 706.0 .02708 
681.0 .00223 693.6 ,48954 706.2 .02438 
681.2 .00236 693.8 .49083 706.4 .02209 
681.4 .00257 694.0 ,49353 706.6 .01999 
681.6 ,00284 694.2 .49744 706.8 ,01803 
681.8 .00317 694.4 .50231 707.0 .01607 
682.0 .00365 694.6 .50798 707.2 ,01418 
682.2 .00426 694.8 .51413 707.4 .01236 
682.4 ,00493 695.0 .52054 707.6 .01074 
682.6 .00561 695.2 ,52683 707.8 ,00932 
682.8 ,00635 695.4 ,53270 708.0 .00804 
683.0 .00716 695.6 .53783 708.2 .00696 
683.2 .00797 695.8 ,54189 708.4 ,00608 
683.4 ,00878 696.0 .54472 708.6 .00534 
683.6 .00959 696.2 .54628 708.8 .00473 
683.8 .01040 696.4 ,54668 709.0 ,00426 
684.0 .01128 696.6 .54587 709.2 .00385 
684.2 ,01223 696.8 .54385 709.4 .00351 
684.4 .01351 697.0 ,54067 709.6 -00317 
684.6 ,01506 697.2 .53628 709.8 .00284 
684.8 .01709 697.4 .53068 710.0 .00236 
685.0 .01945 697.6 .52385 710.2 ,00196 
685.2 .02215 697.8 .51582 710.4 ,00155 
685.4 ,02492 698.0 .50663 710.6 .00115 
685.6 ,02769 698.2 .49650 710.8 .00088 
685.8 ,03026 698.4 ,48556 711 .O .00061 
686.0 ,03289 698.6 .47394 711.2 .00041 
686.2 .03607 698.8 .46192 711.4 .00020 
686.4 ,04039 699.0 .44949 711.6 .00007 
686.6 ,04627 699.2 .43645 
686.8 ,05430 699.4 .42261 
687.0 .06457 699.6 ,40782 
687.2 ,07673 699.8 .39188 
687.4 .09044 700.0 .37499 
687.6 .lo523 700.2 .35736 
687.8 ,12097 700.4 .33953 
688.0 .13779 700.6 .32177 
688.2 .I5676 700.8 ,30441 
688.4 ,17885 701 .O .28766 
688.6 .20506 701.2 .27118 
688.8 .23633 701.4 .25483 
689.0 .27199 701.6 .23835 
689.2 .30995 701.8 .22154 
689.4 .34791 702.0 .20458 
689.6 .38364 702.2 .I8783 
689.8 .41498 702.4 .I7176 
690.0 .44105 702.6 .I5690 
690.2 .46219 702.8 .I4359 

cn-' T R A N S .  CM-l T R A N S .  C M - l  T R A N S .  

694.8 .00007 707.4 ,60717 720.0 .00399 
695.0 ,00027 707.6 .60278 720.2 ,00332 
695.2 .00047 707.8 ,59680 720.4 ,00272 
695.4 ,00066 708.0 ,58949 720.6 .00219 
695.6 .00086 708.2 ,58125 720.8 .00179 
695.8 .00113 708.4 .5726l 721.0 .00153 
696.0 ,00140 708.6 .56411 721.2 .00133 
696.2 .00173 708.8 ,55613 721.4 .00120 
696.4 ,00219 709.0 ,54889 721.6 .00106 
696.6 ,00272 709.2 .54245 721.8 .00093 
696.8 .00332 709.4 ,53660 722.0 .00073 
697.0 .00412 709.6 ,53141 722.2 .00053 
697.2 .00498 709.8 .52676 722.4 .00033 
697.4 ,00605 710.0 .52271 722.6 .00013 
697.6 .00731 710.2 ,51932 
697.8 ,00871 710.4 .51686 
698.0 .01030 710.6 .51533 
698.2 .01209 710.8 ,51493 
698.4 .01395 711.0 .51580 
698.6 ,01595 711.2 .51799 
698.8 .01807 711.4 ,52165 
699.0 .a2027 711.6 .52683 
699.2 ,02273 711.8 .53361 
699.4 .02538 712.0 ,54112 
699.6 .02837 712.2 .54756 
699.8 .03176 712.4 .55108 
700.0 ,03568 712.6 .54995 
700.2 .04054 712.8 .54225 
700.4 ,04645 713.0 .52749 
700.6 ,05376 713.2 ,50636 
700.8 .06273 713.4 .47945 
701.0 .07343 713.6 .44762 
701.2 ,08572 713.8 ,41147 
7 0 1 4  .09961 714.0 .37206 
701.6 .I1489 714.2 .33093 
701.8 ,13144 714.4 .28953 
702.0 .14945 714.6 .24926 
702.2 .I6939 714.8 .21158 
702.4 .I9158 715.0 ,17729 
702.6 .21643 715.2 .I4666 
702.8 .24434 715.4 .I2001 
703.0 .27498 715.6 .09755 
703.2 .30701 715.8 .07954 
703.4 .33917 716.0 .06559 
703.6 ,37027 716.2 .0550Z 
703.8 .39904 716.4 ,04705 
704.0 .42502 716.6 .04073 
704.2 .44862 716.8 .03542 
704.4 ,47028 717.0 .03063 
704.6 .49041 717.2 .02638 
704.8 .50935 717.4 .02266 
705.0 .52723 717.6 .Dl940 
705.2 .54377 717.8 ,01668 
705.4 .55886 718.0 .01435 
705.6 .57208 718.2 .01249 
705.8 .58338 718.4 .01090 
706.0 .59255 718.6 .00957 
706.2 .59979 718.8 .00851 
706.4 .60518 719.0 ,00758 
706.6 .60883 719.2 .00671 
706.8 .61082 719.4 .00605 
707.0 .61116 719.6 .00532 
707.2 .60996 719.8 ,00465 



SET: 3  
F I L T E R :  5  
S I N :  O . C . L . I .  1 - 1 - D  
CENTROID: 7 2 5 . 5  
EOUIV .  WIDTH: 6 . 7 3  

7 1 0  7 1 5  7 2 0  7 2 5  7 3 0  7 3 5  7 4 0  

WAVENUMBER 

7 3 5  7 4 0  7 4 5  7 5 0  7 5 5  7 6 0  7 6 5  

WAVENUMBER 









V T P R  

S E T :  3 

C02 TRANSMITTANCES 

C02 TRANSMITTANCE VALUES 

1 2 3 4 5 6 

T A U  



V T P R  

SET: 3 COZ WEIGHTING FUNCTION VALUES 

1 2 3 4 5 6 Cot WEIGHTING FUNCTIONS 

.O1 

ZOO 

250 

300 



V T P R  
CZEWITH ANGLE 23*47 '1  

COZ TRANSMITTANCE VALUES SET: 3 

C O Z  TRANSMITTANCES 

W 70 

a 
3 100 

V) 

V) 

W 
150 

a 
a. zoo 

T A U  



V T P R  
[ Z E N I T H  ANGLE Z3°47'l 

S E T :  3 

C02 W E I G H T I N G  F U N C T I O N S  

I GHT I NG F U N C T I O N  

4 

VALUES 

5 
.00015 
.00050 
.00058 
.00062 
-00069 
.00083 
.00102 
.00128 
.00160 
.00192 

.00223 

.00257 
-00296 
-00335 
.00371 
.00403 
-00431 
.00456 
.00479 
.00502 

-00529 
.00560 
.00596 
.00635 
.00677 
.00722 
.00770 
.00820 
.00870 
.00923 

-00983 
.01055 
.Oll49 
.01259 . 0 1380 
.01505 
.01625 
. 0 1740 
.01845 
.01934 

.02004 

.02054 

.02083 

.02091 

.02059 

.01964 
. 0 1809 
. 0 1670 
.01586 
.01558 









cn-I TRANS.  cn-I TRANS.  C M - l  TRANS.  

679.8 *OOOOO 692.4 .51823 705.0 .05730 
680.0 .00007 692.6 .51284 705.2 .05101 
680.2 .0002l 692.8 .50718 705.4 .04542 
680.4 .00041 693.0 .50173 705.6 .04038 
680.6 .00076 693.2 .49683 705.8 .03576 
680.8 .00124 693.L .49275 706.0 .03155 
681.0 .00186 693.6 ,48985 706.2 .02775 
681.2 .00255 693.8 .48854 706.4 .02437 
681.4 .00324 694.0 .48882 706.6 .02133 
681.6 .00380 694.2 .49054 706.8 .01871 
681.8 .00414 694.4 .49358 707.0 .01650 
682.0 .00435 694.6 ,49765 707.2 .01457 
682.2 ,00442 694.8 .50256 707.4 .01291 
682.4 .00456 695.0 .50822 707.6 .01160 
682.6 ,00483 695.2 .51429 707.8 .01049 
682.8 .00525 695.4 .52064 708.0 .00953 
683.0 .00594 695.6 .52692 708.2 .00877 
683.2 .00677 695.8 .53300 708.4 .00808 
683.4 .00766 696.0 .53859 708.6 ,00739 
683.6 ,00856 696.2 .54349 708.8 .00663 
683.8 .00939 696.4 .54743 709.0 .00580 
684.0 ,01015 696.6 .55012 709.2 .00497 
684.2 .01091 696.8 .55150 709.4 .00414 
684.4 .01167 697.0 .55129 709.6 .00338 
684.6 .01256 697.2 .54971 709.8 .00262 
684.8 .01353 697.4 .54674 710.0 .00200 
685.0 ,01463 697.6 .54253 710.2 .00138 
685.2 .01608 697.8 .53721 710.4 ,00083 
685.4 .01774 698.0 .53086 710.6 .00028 
685.6 .01981 698.2 .52382 
685.8 .02230 698.4 .51636 
686.0 ,02520 698.6 .50877 
686.2 .02858 698.8 .50131 
686.4 .03238 699.0 .49386 
686.6 .03666 699.2 .48585 
686.8 .04142 699.4 .47681 
687.0 .04701 699.6 .46611 
687.2 .05378 699.8 .45327 
687.4 .06241 700.0 .43829 
687.6 ,07345 700.2 .42151 
687.8 .08733 700.4 .40349 
688.0 .I0431 700.6 .38458 
688.2 .I2412 700.8 .36532 
688.4 .I4662 701 .O .34599 
688.6 .I7161 701.2 .32666 
688.8 .I9888 701.4 .30740 
689.0 .22815 701.6 .28842 
689.2 .25901 701.8 .26971 
689.4 .29090 702.0 .25142 
689.6 .32356 702.2 .23354 
689.8 ,35641 702.4 .21614 
690.0 .38886 702.6 .I9923 
690.2 .41965 702.8 .I8287 
690.4 .44788 703.0 .I6713 
690.6 .47246 703.2 .I5201 
690.8 ,49227 703.4 .I3772 
691.0 .50718 703.6 .I2433 
691.2 .51761 703.8 .I1190 
691.4 .52416 704.0 .lo051 
691.6 .52741 704.2 .09009 
691.8 ,52796 704.4 .08056 
692.0 .52623 704.6 .07200 
692.2 .52285 704.8 .06420 

cn" T R A N S .  CM-l T R A N S .  CM-I T R A N S .  

691.8 .00007 704.4 .58568 717.0 .01086 
692.0 .00020 704.6 .59547 717.2 .00979 
692.2 .OOOCO 704.8 .60432 717.4 .00898 
692.4 .00060 705.0 .61230 717.6 .00831 
692.6 .00087 705.2 .61921 717.8 .00771 
692.8 .00114 705.4 .62477 718.0 .00717 
693.0 .00154 705.6 .62873 718.2 .00664 
693.2 ,00194 705.8 .63081 718.4 .00603 
693.4 .00235 706.0 .63094 718.6 .00536 
693.6 .00282 706.2 .62940 718.8 .00463 
693.8 .00322 706.4 .62652 719.0 ,00375 
694.0 ,00362 706.6 .62243 719.2 .00288 
694.2 .00402 706.8 .61740 719.4 .OOZOt 
694.4 .00443 707.0 .61156 719.6 .00127 
694.6 ,00483 707.2 .60499 719.8 .00074 
694.8 .00516 707.4 .59762 720.0 ,00040 
695.0 .00557 707.6 .58937 720.2 .00020 
695.2 .00597 707.8 .58039 720.4 .00007 
695.4 .00637 708.0 .57107 720.6 *OOOOO 
695.6 .00677 708.2 .56221 
695.8 .00724 708.4 .55477 
696.0 ,00771 708.6 .54948 
696.2 .00838 708.8 .54733 
696.4 .00925 709.0 .54787 
696.6 .01033 709.2 .54961 
696.8 .01173 709.4 .55095 
697.0 ,01354 709.6 .55048 
697.2 .01562 709.8 .55001 
697.4 .01804 710.0 .55142 
697.6 .02058 710.2 .55343 
697.8 .02347 710.4 .55471 
698.0 .02648 710.6 .55377 
698.2 .02984 710.8 .54921 
698.4 .03353 711.0 .54049 
698.6 .03775 711.2 .52775 
698.8 .04244 711.4 .51106 
699.0 .04787 711.6 .49061 
699.2 .05431 711.8 .46653 
699.4 .06209 712.0 ,43904 
699.6 .07154 712.2 .40840 
699.8 .08294 712.4 .37494 
700.0 .09649 712.6 .33887 
700.2 .I1204 712.8 .30059 
700.4 .I2974 713.0 .26109 
700.6 .I4939 713.2 .22220 
700.8 .I7111 713.4 .I8586 
701.0 .I9451 713.6 .I5381 
701.2 ,21912 713.8 .I2793 
701.4 .24453 714.0 .lo829 
701.6 .27021 714.2 .09367 
701.8 .29569 714.4 .08247 
702.0 .32077 714.6 .07329 
702.2 .34584 714.8 .06470 
702.4 ,37112 715.0 .05612 
702.6 .39687 715.2 .04781 
702.8 .42335 715.4 ,04003 
703.0 .45031 715.6 .03306 
703.2 .47679 715.8 .02722 
703.4 .50187 716.0 .02260 
703.6 .52473 716.2 .01891 
703.8 ,54438 716.4 .01609 
704.0 .56074 716.6 .01388 
704.2 .57428 716.8 .01220 







V T P R  

SET: 4  
F I L T E R :  7 
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C U - '  TRANS.  cn-'  T R A N S .  c n - I  T R A N S .  c n - I  T R A N S .  

5 1 0 . 6  . 0 0 0 8 5  5 2 3 . 2  . I 4 9 8 1  5 3 5 . 8  . 4 8 4 8 3  5 4 8 . 4  . 0 7 0 3 1  
5 1 0 . 8  . 0 0 2 3 7  5 2 3 . 4  . I 5 6 5 5  5 3 6 . 0  . 4 8 2 8 4  5 4 8 . 6  . 0 6 7 4 6  
511 .0  . 0 0 3 8 9  5 2 3 . 6  , 1 6 3 5 7  5 3 6 . 2  . 4 8 0 6 6  5 4 8 . 8  , 0 6 3 6 6  
511 .2  . 0 0 5 3 1  5 2 3 . 8  . I 7 1 0 7  5 3 6 . 4  . 4 7 8 2 9  5 4 9 . 0  . 0 5 9 3 9  
5 1 1 . 4  . 0 0 6 4 5  5 2 4 . 0  . 1 7 9 3 2  5 3 6 . 6  . 4 7 5 7 2  5 4 9 . 2  , 0 5 4 9 4  
5 1 1 . 6  . 0 0 7 5 0  5 2 4 . 2  . I 8 8 6 2  5 3 6 . 8  . 4 7 3 0 7  5 4 9 . 4  , 0 5 0 8 6  
5 1 1 . 8  . 0 0 8 1 6  5 2 4 . 4  . I 9 9 1 5  5 3 7 . 0  . 4 7 0 0 3  5 4 9 . 6  . 0 4 7 4 4  
5 1 2 . 0  . 0 0 8 7 3  5 2 4 . 6  . 2 1 1 3 0  5 3 7 . 2  . 4 6 6 5 2  5 4 9 . 8  , 0 4 4 7 8  
5 1 2 . 2  . 0 0 9 3 0  5 2 4 . 8  . 2 2 4 6 7  5 3 7 . 4  , 4 6 2 3 5  5 5 0 . 0  , 0 4 2 7 9  
5 1 2 . 4  . 0 0 9 7 7  5 2 5 . 0  . 2 3 8 5 3  5 3 7 . 6  . 4 5 7 4 1  5 5 0 . 2  . 0 4 1 1 8  
5 1 2 . 6  . 0 1 0 2 5  5 2 5 . 2  . 2 5 2 0 0  5 3 7 . 8  , 4 5 1 7 2  5 5 0 . 4  , 0 3 9 7 5  
5 1 2 . 8  . 0 1 0 9 1  5 2 5 . 4  . 2 6 4 4 3  5 3 8 . 0  . 4 4 5 8 4  5 5 0 . 6  . 0 3 8 2 4  
5 1 3 . 0  , 0 1 1 6 7  5 2 5 . 6  . 2 7 4 9 6  5 3 8 . 2  , 4 4 0 1 4  5 5 0 . 8  . 0 3 6 5 3  
5 1 3 . 2  . 0 1 2 5 2  5 2 5 . 8  . 2 8 3 6 9  5 3 8 . 4  . 4 3 5 1 2  5 5 1  .O , 0 3 4 8 2  
5 1 3 . 4  . 0 1 3 4 7  5 2 6 . 0  . 2 9 1 4 7  5 3 8 . 6  . 4 3 1 1 3  5 5 1 . 2  , 0 3 3 2 1  
5 1 3 . 6  , 0 1 4 5 2  5 2 6 . 2  . 2 9 9 2 5  5 3 8 . 8  , 4 2 8 1 0  5 5 1 . 4  . 0 3 1 6 9  
5 1 3 . 8  , 0 1 5 7 5  5 2 6 . 4  . 3 0 7 9 8  5 3 9 . 0  . 4 2 5 3 4  5 5 1 . 6  , 0 3 0 3 6  
5 1 4 . 0  . 0 1 6 8 9  5 2 6 . 6  . 3 1 8 6 0  5 3 9 . 2  . 4 2 2 1 2  5 5 1 . 8  . 0 2 9 3 2  
5 1 4 . 2  . 0 1 8 2 2  5 2 6 . 8  , 3 3 1 1 3  5 3 9 . 4  , 4 1 7 8 5  5 5 2 . 0  . 0 2 8 3 7  
5 1 4 . 4  . 0 1 9 4 5  527 .0  . 3 4 4 8 9  5 3 9 . 6  . 4 1 1 6 8  5 5 2 . 2  , 0 2 7 5 1  
5 1 4 . 6  . 0 2 0 5 9  5 2 7 . 2  , 3 5 9 0 2  5 3 9 . 8  . 4 0 3 7 1  5 5 2 . 4  . 0 2 6 5 7  
5 1 4 . 8  . 0 2 1 7 3  5 2 7 . 4  . 3 7 2 5 9  5 4 0 . 0  , 3 9 4 5 1  5 5 2 . 6  . 0 2 5 4 3  
51 5  .O , 0 2 2 6 8  5 2 7 . 6  . 3 8 5 0 2  5 4 0 . 2  , 3 8 4 9 3  5 5 2 . 8  . 0 2 4 1 9  
5 1 5 . 2  . 0 2 3 7 2  5 2 7 . 8  , 3 9 5 8 4  5 4 0 . 4  . 3 7 5 4 4  5 5 3 . 0  , 0 2 2 8 7  
5 1 5 . 4  , 0 2 4 5 7  528 .0  . 4 0 5 4 2  5 4 0 . 6  . 3 6 6 8 0  5 5 3 . 2  . 0 2 1 6 3  
515 .6  . 0 2 5 4 3  5 2 8 . 2  . 4 1 3 8 6  5 4 0 . 8  , 3 5 9 1 2  5 5 3 . 4  . 0 2 0 4 9  
5 1 5 . 8  . 0 2 6 1 9  5 2 8 . 4  , 4 2 1 4 5  5 4 1  . O  . 3 5 1 6 2  5 5 3 . 6  , 0 1 9 5 5  
5 1 6 . 0  . 0 2 7 0 4  5 2 8 . 6  . 4 2 8 4 7  5 4 1 . 2  . 3 4 3 7 5  5 5 3 . 8  . 0 1 8 9 8  
5 1 6 . 2  . 0 2 8 0 8  5 2 8 . 8  . 4 3 4 9 3  5 4 1 . 4  , 3 3 4 9 2  5 5 4 . 0  . 0 1 8 4 1  
5 1 6 . 4  . 0 2 9 3 2  5 2 9 . 0  . 4 4 1 0 9  5 4 1 . 6  . 3 2 4 5 8  5 5 4 . 2  , 0 1 7 9 3  
5 1 6 . 6  . 0 3 0 8 4  529 .2  , 4 4 6 8 8  5 4 1 . 8  . 3 1 2 7 2  5 5 4 . 4  . 0 1 7 3 6  
5 1 6 . 8  . 0 3 2 6 4  5 2 9 . 4  . 4 5 2 3 8  5 4 2 . 0  . 3 0 0 0 1  5 5 4 . 6  . 0 1 6 6 0  
5 1 7 . 0  , 0 3 4 6 3  5 2 9 . 6  . 4 5 7 6 0  5 4 2 . 2  . 2 8 7 3 9  5 5 4 . 8  . 0 1 5 6 6  
51 7 . 2  . 0 3 6 8 1  5 2 9 . 8  , 4 6 2 6 3  5 4 2 . 4  . 2 7 5 4 3  5 5 5 . 0  . 0 1 4 6 1  
5 1 7 . 4  , 0 3 8 9 0  5 3 0 . 0  , 4 6 7 3 8  5 4 2 . 6  . 2 6 5 0 0  5 5 5 . 2  , 0 1 3 4 7  
517 .6  , 0 4 1 0 8  5 3 0 . 2  . 4 7 1 8 3  5 4 2 . 8  . 2 5 6 0 8  5 5 5 . 4  . 0 1 2 4 3  
5 1 7 . 8  . 0 4 3 0 8  5 3 0 . 4  . 4 7 6 0 1  5 4 3 . 0  , 2 4 8 3 0  5 5 5 . 6  . 0 1 1 5 8  
5 1 8 . 0  , 0 4 4 9 7  5 3 0 . 6  . 4 7 9 9 0  5 4 3 . 2  . 2 4 1 0 9  5 5 5 . 8  . 0 1 0 9 1  
5 1 8 . 2  . 0 4 6 9 7  5 3 0 . 8  . 4 8 3 3 1  5 4 3 . 4  . 2 3 3 7 8  5 5 6 . 0  . 0 1 0 2 5  
5 1 8 . 4  . 0 4 8 9 6  531 .0  , 4 8 6 3 5  5 4 3 . 6  . 2 2 6 0 0  5 5 6 . 2  , 0 0 9 7 7  
5 1 8 . 6  . 0 5 1 0 5  5 3 1 . 2  . 4 8 8 9 1  5 4 3 . 8  . 2 1 7 5 6  5 5 6 . 4  . 0 0 9 3 0  
5 1 8 . 8  . 0 5 3 2 3  5 3 1 . 4  , 4 9 1  1 0  5 4 4 . 0  , 2 0 8 5 4  5 5 6 . 6  . 0 0 8 7 3  
5 1 9 . 0  . 0 5 5 3 1  5 3 1 . 6  . 4 9 2 8 0  5 4 4 . 2  . I 9 9 2 5  5 5 6 . 8  . 0 0 8 1 6  
5 1 9 . 2  . 0 5 7 4 0  5 3 1 . 8  , 4 9 4 0 4  5 4 4 . 4  . I 8 9 7 6  5 5 7 . 0  . 0 0 7 5 9  
5 1 9 . 4  , 0 5 9 2 0  5 3 2 . 0  . 4 9 5 0 8  5 4 4 . 6  . I 8 0 2 7  5 5 7 . 2  . 0 0 6 9 3  
5 1 9 . 6  . 0 6 0 7 2  5 3 2 . 2  , 4 9 5 8 4  5 4 4 . 8  . I 7 1 0 7  5 5 7 . 4  . 0 0 6 3 6  
5 1 9 . 8  . 0 6 2 1 5  5 3 2 . 4  . 4 9 6 6 0  5 4 5 . 0  . I 6 2 1 5  5 5 7 . 6  . 0 0 5 6 9  
5 2 0 . 0  . 0 6 3 6 6  5 3 2 . 6  . 4 9 7 4 5  5 4 5 . 2  . I 5 3 6 1  5 5 7 . 8  . 0 0 5 1 2  
5 2 0 . 2  . 0 6 5 5 6  5 3 2 . 8  , 4 9 8 3 1  5 4 5 . 4  , 1 4 5 7 3  5 5 8 . 0  . 0 0 4 4 6  
5 2 0 . 4  . 0 6 8 3 1  5 3 3 . 0  . 4 9 8 9 7  5 4 5 . 6  . I 3 8 4 3  5 5 8 . 2  . 0 0 3 8 9  
5 2 0 . 6  . 0 7 2 0 1  5 3 3 . 2  . 4 9 9 3 5  5 4 5 . 8  . I 3 1 7 9  5 5 8 . 4  . 0 0 3 3 2  
5 2 0 . 8  , 0 7 6 8 5  5 3 3 . 4  . 4 9 9 2 5  5 4 6 . 0  . I 2 5 5 3  5 5 8 . 6  . 0 0 2 6 6  
5 2 1 . 0  . 0 8 2 4 5  5 3 3 . 6  . 4 9 8 5 0  5 4 6 . 2  . I 1 9 4 5  5 5 8 . 8  . 0 0 2 0 9  
5 2 1 . 2  . 0 8 8 5 2  5 3 3 . 8  . 4 9 7 0 7  546 .4  . I 1 3 1 9  5 5 9 . 0  . 0 0 1 5 2  
5 2 1 . 4  . 0 9 4 8 8  5 3 4 . 0  . 4 9 5 3 6  5 4 6 . 6  . l o 6 6 4  5 5 9 . 2  . 0 0 0 9 5  
5 2 1 . 6  . I 0 1  1 4  5 3 4 . 2  . 4 9 3 4 7  5 4 6 . 8  . 0 9 9 9 1  5 5 9 . 4  . 0 0 0 2 8  
5 2 1 . 8  . l o 7 2 1  5 3 4 . 4  . 4 9 1 7 6  5 4 7 . 0  . 0 9 3 2 7  
5 2 2 . 0  . I 1 3 1 9  5 3 4 . 6  . 4 9 0 4 3  5 4 7 . 2  . 0 8 7 1 9  
5 2 2 . 2  . I 1 9 0 7  5 3 4 . 8  . 4 8 9 4 8  5 4 7 . 4  , 0 8 2 0 7  
5 2 2 . 4  . 1 2 5 0 5  5 3 5 . 0  . 4 8 8 9 1  5 4 7 . 6  . 0 7 8 2 8  
522 .6  . I 3 1 0 3  5 3 5 . 2  . 4 8 8 2 5  5 4 7 . 8  . 0 7 5 7 1  
5 2 2 . 8  . I 3 7 1 0  5 3 5 . 4  . 4 8 7 4 9  5 4 8 . 0  . 0 7 3 9 1  
523 .0  . I 4 3 3 6  5 3 5 . 6  . 4 8 6 3 5  5 4 8 . 2  , 0 7 2 3 0  

c n - '  T R A N S .  c n - I  T R A N S .  cn- '  T R A N S .  

8 1 8 . 8  , 0 0 0 2 5  8 3 1 . 4  , 3 8 6 9 7  8 4 4 . 0  . 0 4 3 2 3  
8 1 9 . 0  . 0 0 0 7 6  8 3 1 . 6  , 4 1 6 0 4  8 4 4 . 2  . 0 3 9 1 4  
8 1 9 . 2  . 0 0 1 2 0  8 3 1 . 8  , 4 4 3 4 8  8 4 4 . 4  . 0 3 5 1 7  
8 1 9 . 4  , 0 0 1 5 7  8 3 2 . 0  . 4 6 8 9 0  8 4 4 . 6  . 0 3 1 5 9  
8 1 9 . 6  . 0 0 1 8 9  8 3 2 . 2  . 4 9 2 6 2  8 4 4 . 8  , 0 2 8 5 7  
8 1 9 . 8  , 0 0 2 0 8  8 3 2 . 4  . 5 1 5 0 2  8 4 5 . 0  , 9 2 6 2 4  
8 2 0 . 0  . 0 0 2 2 0  8 3 2 . 6  , 5 3 6 4 7  8 4 5 . 2  . 0 2 4 2 9  
8 2 0 . 2  . 0 0 2 3 3  8 3 2 . 8  . 5 5 7 4 3  8 4 5 . 4  . 0 2 2 5 9  
8 2 0 . 4  . 0 0 2 4 5  8 3 3 . 0  . 5 7 7 7 5  8 4 5 . 6  . 0 2 0 8 9  
8 2 0 . 6  . 0 0 2 7 7  8 3 3 . 2  , 5 9 7 2 6  8 4 5 . 8  , 0 1 9 0 7  
8 2 0 . 8  .DO327 8 3 3 . 4  , 6 1 5 5 7  8 4 6 . 0  . 0 1 6 9 9  
8 2 1 . 0  . 0 0 4 0 3  8 3 3 . 6  . 6 3 2 3 1  8 4 6 . 2  . 0 1 4 8 5  
8 2 1 . 2  , 0 0 4 8 5  8 3 3 . 8  . 6 4 7 1 6  8 4 6 . 4  . 0 1 2 7 1  
8 2 1 . 4  . 0 0 5 7 9  8 3 4 . 0  . 6 6 0 3 1  8 4 6 . 6  , 0 1 0 8 2  
8 2 1 . 6  . 0 0 6 6 1  8 3 4 . 2  . 6 7 2 1 4  8 4 6 . 8  . 0 0 9 2 5  
8 2 1 . 8  , 0 0 7 3 6  8 3 4 . 4  . 6 8 3 3 4  8 4 7 . 0  , 0 0 7 9 9  
8 2 2 . 0  . 0 0 7 9 3  8 3 4 . 6  . 6 9 4 3 5  8 4 7 . 2  . 0 0 7 0 5  
8 2 2 . 2  . 0 0 8 4 9  8 3 4 . 8  . 7 0 5 8 0  8 4 7 . 4  . 0 0 6 1 7  
8 2 2 . 4  . 0 0 9 0 0  8 3 5 . 0  , 7 1 7 0 6  8 4 7 . 6  , 0 0 5 4 1  
8 2 2 . 6  . 0 0 9 6 3  8 3 5 . 2  . 7 2 6 8 8  8 4 7 . 8  , 0 0 4 5 9  
8 2 2 . 8  . 0 1 0 3 8  8 3 5 . 4  . 7 3 3 6 7  8 4 8 . 0  . 0 0 3 7 1  
8 2 3 . 0  . 0 1 1 3 3  8 3 5 . 6  , 7 3 6 0 0  8 4 8 . 2  . 0 0 2 8 3  
8 2 3 . 2  . 0 1 2 4 0  8 3 5 . 8  . 7 3 2 4 1  8 4 8 . 4  . 0 0 2 0 1  
8 2 3 . 4  . 0 1 3 4 7  8 3 6 . 0  , 7 2 2 9 1  8 4 8 . 6  . 0 0 1 3 2  
8 2 3 . 6  . 0 1 4 4 7  8 3 6 . 2  , 7 0 8 7 6  8 4 8 . 8  . 0 0 0 7 6  
8 2 3 . 8  . 0 1 5 4 8  8 3 6 . 4  . 6 9 1 3 3  8 4 9 . 0  . 0 0 0 3 8  
8 2 4 . 0  , 0 1 6 4 2  8 3 6 . 6  , 6 7 1 9 5  8 4 9 . 2  . 0 0 0 1 9  
8 2 4 . 2  . 0 1 7 3 0  8 3 6 . 8  . 6 5 2 0 0  8 4 9 . 4  . 0 0 0 0 6  
8 2 4 . 4  , 0 1 8 3 1  8 3 7 . 0  . 6 3 1 8 0  8 4 9 . 6  *OOOOO 
8 2 4 . 6  . 0 1 9 3 8  8 3 7 . 2  . 6 1 0 7 2  
8 2 4 . 8  . 0 2 0 7 0  8 3 7 . 4  . 5 8 8 1 3  
8 2 5 . 0  . 0 2 2 2 7  8 3 7 . 6  , 5 6 3 4 1  
8 2 5 . 2  .OZ423 8 3 7 . 8  . 5 3 5 8 5  
8 2 5 . 4  . 0 2 6 8 0  8 3 8 . 0  . 5 0 5 7 1  
8 2 5 . 6  . 0 3 0 0 8  8 3 8 . 2  , 4 7 3 8 0  
8 2 5 . 8  . 0 3 4 1 7  8 3 8 . 4  . 4 4 1 2 1  
8 2 6 . 0  . 0 3 9 0 1  8 3 8 . 6  . 4 0 8 8 1  
8 2 6 . 2  . 0 4 4 4 2  8 3 8 . 8  , 3 7 7 6 0  
8 2 6 . 4  . 0 5 0 2 1  8 3 9 . 0  . 3 4 8 1 5  
8 2 6 . 6  . 0 5 6 0 6  8 3 9 . 2  , 3 2 0 7 1  
8 2 6 . 8  . 0 6 1 8 5  8 3 9 . 4  . 2 9 5 6 7  
8 2 7 . 0  . 0 6 7 5 8  8 3 9 . 6  . 2 7 3 2 1  
8 2 7 . 2  . 0 7 3 3 7  8 3 9 . 8  , 2 5 3 5 1  
8 2 7 . 4  , 0 7 9 5 3  8 4 0 . 0  . 2 3 6 5 9  I 
8 2 7 . 6  . 0 8 6 3 3  8 4 0 . 2  , 2 2 1 6 1  
8 2 7 . 8  , 0 9 3 8 8  8 4 0 . 4  . 2 0 8 0 8  
8 2 8 . 0  . I 0 2 3 7  8 4 0 . 6  . I 9 5 3 1  
8 2 8 . 2  . I 1 1 8 1  8 4 0 . 8  , 1 8 2 6 6  
8 2 8 . 4  . I 2 2 0 7  8 4 1 . 0  . I 6 9 8 9  
8 2 8 . 6  . I 3 3 1 4  8 4 1 . 2  . I 5 7 0 5  
8 2 8 . 8  , 1 4 5 0 4  8 4 1 . 4  . I 4 4 2 2  
8 2 9 . 0  . I 5 7 6 2  8 4 1 . 6  . I 3 1 3 8  
8 2 9 . 2  , 1 7 0 7 7  8 4 1 . 8  . I 1 8 6 7  
8 2 9 . 4  . I 8 4 3 6  8 4 2 . 0  . l o 6 2 8  
8 2 9 . 6  . I 9 8 0 8  8 4 2 . 2  . 0 9 4 6 4  
8 2 9 . 8  . 2 1 1 9 2  8 4 2 . 4  , 0 8 4 0 6  
8 3 0 . 0  . 2 2 6 1 4  8 4 2 . 6  . 0 7 4 8 8  
8 3 0 . 2  . 2 4 1 5 0  8 4 2 . 8  . 0 6 7 5 8  
8 3 0 . 4  . 2 5 8 8 0  8 4 3 . 0  . 0 6 1 9 8  
8 3 0 . 6  . 2 7 8 7 5  8 4 3 . 2  , 0 5 7 6 4  
8 3 0 . 8  . 3 0 2 1 5  8 4 3 . 4  . 0 5 4 0 5  
8 3 1 . 0  . 3 2 8 8 3  8 4 3 . 6  , 0 5 0 7 2  
8 3 1 . 2  . 3 5 7 4 6  8 4 3 . 8  . 0 4 7 1 3  
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APPENDIX I11 

Archive Formats 

Archival tapes  fo r  VTPR da t a  contain ea r th  located raw radian- 
ces, f i r s t  guess information, and r e t r i e v a l s .  Each type of  da t a  
i s  wr i t t en  as  a separate f i l e .  

The f i r s t  f i l e  contains earth- located raw radiances. These 
radiances have been ca l ib ra ted  - t h a t  i s  converted from counts t o  
radiances - but  a r e  otherwise unchanged. A descr ip t ion of  t h i s  
f i l e  i s  contained i n  t ab l e s  1 and 2 .  The ca l ib ra t i on  iden t i f i ca-  
t i o n  number re fe r red  t o  i n  t ab l e  1 i s  now 4. I f  changes i n  t he  
regression coe f f i c i en t s  used for  the  ca l ib ra t i on  are  required be- 
cause o f  changes on the  spacecraft ,  t h i s  number w i l l  change. The 
instrument number re fe r red  t o  i n  t a b l e  2 i d e n t i f i e s  a scan l i n e  
as: da t a  from the  ca l ib ra t i on  sequence i n  e i t h e r  instrument (0 ) ;  
ea r th  radiances from instrument 1 (1); ear th  radiances from in-  
stument 2 ( 2 )  ; dual mode ear th  radiances from the  secondary in-  
strument ( 3 ) .  During the  rarely-used dual mode, the  primary 
instrument con t ro l s  the  da ta  system, and radiances from t h a t  in-  
strument a re  i d e n t i  f i ed  normally; radi  ances from the  secondary 
instrument replace those of  the  primary instrument on a l t e rna t e  
scans. 

The second f i l e  on the  tape contains "c lear  radiances" obtained 
by the  CLRAD program, as  well  as  the  f i r s t  guess information t h a t  
was avai lable .  A descr ip t ion o f  t h i s  f i l e  i s  contained i n  t ab les  
3 and 4. 

The t h i r d  f i l e  on the  tape contains re t r i eved  p r o f i l e s  t h a t  
have passed the  qua l i t y  control  t e s t s .  A descr ip t ion of  t h i s  
f i l e  i s  given i n  t ab l e s  5 and 6. Data records on t h i s  f i l e  d i f-  
f e r  from a l l  o ther  records on the  tape i n  t h a t  the  da t a  a re  coded 
and s i x  b i t s  a r e  required t o  represent  each character .  Table 7 
shows the  o c t a l  and binary representa t ions  of  the  characters  con- 
tained i n  t he  da t a  records. The format used for  the  da t a  records 
i s  the  same format used for  the  NMC data,  except t h a t  twelve 
repor t s  cons t i t u t e  one physical record of  30,600 b i t s  on the  NMC 
tape. In order  t o  keep the  buffer  s i z e  small, t h i s  record was 
broken down i n t o  f i ve  physical records of  6,120 b i t s  each for  the  
archive tape. -- 



Table 1.--VTPR archive  I format and d a t a  d e s c r i p t i o n  -- 
header record (6480 b i t s )  

Number B i t s /  Number 
Descript ion o f  words word o f  b i t s  

S a t e l l i t e  number 1 36 36 
S t a r t  o f  d a t a  (year )  1 1 2  1 2  
S t a r t  o f  d a t a  (month) 1 1 2  1 2  
S t a r t  o f  d a t a  (day) 1 1 2  1 2  
J u l i a n  day 1 1 2  1 2  
S t a r t  o f  d a t a  (hour) 1 1 2  1 2  
S t a r t  o f  d a t a  (minute) 1 1 2  1 2  
S t a r t  o f  d a t a  (second) 1 1 2  1 2  
End o f  d a t a  (hour) 1 1 2  12 
End o f  d a t a  (minute) 1 1 2  1 2  
End o f  d a t a  (second) 1 1 2  1 2  
C a l i b r a t i o n  i d e n t i f i c a t i o n  number 1 1 2  1 2  
Standard dev ia t ions  [mW/ (m2 sr cm'l) lx 10 16  1 2  192 

(channels 1-8 o f  primary ins t rument ) ,  
(8 words o f  f i l l  o r  channels 1-8 o f  
secondary instrument  f o r  dual  mode 
opera t ion)  

F i l l  

ORBITAL PARAMETERS 

E c c e n t r i c i t y  x l o 6  1 36 36 
Argument o f  per igee  (deg x 103) 1 36 36 
Right ascension (deg x 103) 1 36 36 
I n c l i n a t i o n  (deg x 103) 1 36 36 
Semi-major a x i s  (km x l o 3 )  1 36 36 
Mean anomaly (deg x 103) 1 36 36 
Epoch year 1 1 2  1 2  
Epoch month 1 1 2  1 2  
Epoch day 1 1 2  1 2  
Epoch hour 1 1 2  1 2  
Epoch minute (whole) 1 1 2  12 
Epoch f r a c t i o n  o f  minute x 100 1 12 12 
Phi max x 100 1 1 2  1 2  
Lambda x 10 1 1 2  1 2  
F i l l  481 1 2  5772 



Table 2.--VTPR a rch ive  I format and da ta  d e s c r i p t i o n  -- 
documentation records  (groups of 3  records  - 6480 b i t s  pe r  record)  

Number B i t s /  Number 

Descr ip t ion  of words word of b i t s  

Radiances [mw/(m2 sr cm-I)] x  20 1472 1 2  17664 
(channels  1-8 ( s p o t s  1-23 ( l i n e s  
1 - 8 ) ) )  

Lat i tude  (deg + 90)  x 10 
East longi tude  (deg x 10)  

( s p o t  5 - l i n e  4 )  

Lat i tude  (deg + 90) x 10 
East longi tude (deg x 10)  

( s p o t  1 2  - l i n e  4 )  

Lat i tude  (deg + 90) x 10 
East longi tude (deg x 10 

( s p o t  19 - l i n e  4 )  

Greenwich Mean Time (GMT) (hour)  1 1 2  1 2  

Greenwich Mean Time (GMT) (minute) 1 1 2  1 2  

Greenwich Mean Time (GMT) (second) 1 1 2  1 2  

Zenith Angles (deg x 10)  7 1 2  84 
( s p o t  1 - l i n e  l ) ,  ( s p o t  1 - l i n e  2311 
( s p o t  4  - l i n e  5), ( s p o t  4  - l i n e  1 2 )  r 
( spo t  4  - l i n e  191, ( s p o t  8  - l i n e  1) 
( s p o t  8  - l i n e  23) 

1 1 2  1 2  F i l l  

1 1 2  1 2  Line count 

Sea su r face  temperatures [ (O~-269.9 )x5]  184 8 147 2 

( s p o t s  1-23 ( l i n e s  1 - 8 ) )  

F i l l  1 28 28 

Instrument number ( s e e  t e x t )  
( 8  l i n e s )  

Clock 
( s p o t  1 - l i n e  1) 



Table 3.--VTPR archive I1 format and d a t a  desc r ip t ion  -- 
header record (480 b i t s )  

Description 
Number B i t s /  Number 

o f  words word o f  b i t s  

S t a r t  o f  d a t a  (year)  1 

S t a r t  o f  da t a  (month) 1 

S t a r t  o f  d a t a  (day) 1 

S a t e l l i t e  number 1 

Cal ibra t ion  t a b l e  number 1 

Instrument number 1 

Standard devia t ions  [mW/ (m2 sr an-') ] x 100 16 

(channels 1-8 o f  primary instrument) ; 
(8 zeros o r  channels 1-8 o f  secondary 
instrument o f  dual mode opera t ion)  

S t a r t  o f  da t a  (hour) 1 

s t a r t  o f  da t a  (minute) 1 

S t a r t  o f  da ta  (second) 

End of  d a t a  (hour) 

End o f  da t a  (minute) 

End of  da t a  (second) 

F i l l  



Table 4. --VTPR archive  I1 format and d a t a  descr ip t ion- -  
documentation records  (720 b i t s )  

Number  its/ Number 
o f w o r d s  word o f  b i t s  

La t i tude  (deg.+ 90) x 10 

West longi tude  (deg x 10)  

Time o f  sounding (hour) 1 

Time o f  sounding (minute) 1 

Time o f  sounding (second) 1 
1 

Clear  rad iances  [mW/(m2sr cm' ) 1 x 20 8 
(channels 1-8) 

Zenith angle (deg x 1 0 )  1 

Sea su r face  temperature (OK-269.9) x 5 1 
* 0 F i r s t  guess va lues  temperatures ( CxlO) 16  

(15 s tandard pressure  levels--1000 t o  10mb) 
(tropopause temperature) 

* Pressure  (mb x 10) 1 

Dew po in t  depression? 
( f i r s t  10 s tandard l e v e l s )  

Confidence f a c t o r s  (x L O O )  
(channels 1-8) 

F i r s t  guess 850-mb height*  (m) 
ob ta ined  from NMC f o r e c a s t  

F i l l  

W s s i n g  d a t a  = 7777 o c t a l  

 issi sing d a t a  = 0000 o c t a l  



Table 5.--VTPR archive I11 format and d a t a  descript ion- -  
header record (480 b i t s )  

Descript ion 
Number  its/ Number 

o f  words word o f  b i t s  

S t a r t  of  d a t a  (year)  

S t a r t  o f  d a t a  (month) 

S t a r t  of  d a t a  (day) 

S a t e l l i t e  number 

Cal ibra t ion  t a b l e  number 

Instrument number 

Standard pressure l e v e l s  (mb) 

S t a r t  o f  d a t a  (hour) 

S t a r t  o f  da t a  (minute) 

S t a r t  o f  da t a  (second) 

End of  da ta  (hour) 

End of  da t a  (minute) 

End o f  da t a  (second) 

F i l l  



Table 6.--VTPR archive  I11 format and da ta  description--  
documentation records* 

Number Characters/ B i t s /  No. of 
of words word charac. b i t s  Descript ion 

Lat i tude (.deg x 100) 

West Longitude (deg x 100) 

F i l l  ( N )  

Orbit  number f o r  12- hour 
period ( s e t  t o  1 a t  0600 
and 1800 GMT) 

Sounding number 

F i l l  

Time (hours + f r a c t i o n  of 
hours)  x 100 

Parameters (da ta  used by 
NMC only)  

Data f o r  15 l e v e l s  

Height (mj 

Temperature ( O C  x 10)  

Td ( no t  given) (OC x 10)  

F i l l  

F i l l  120 

60 

var iab le  

1 

1 

va r i ab l e  

(End r e p o r t )  

(End record) t 

-- - - 

*A data  record cons i s t s  of 1 2  soundings o r  r epo r t s  and contains 
30600 b i t s .  It i s  broken up i n t o  f i v e  physica l  records of 
6120 b i t s  each. The data  on t h i s  record a r e  wr i t t en  a s  an "A" 
format so  6 b i t s  a r e  required f o r  each character  ( t a b l e  7 ) .  

'When 1 2  r epo r t s  a r e  obtained o r  an  o r b i t  i s  ended, a da ta  
record i s  wri t ten .  The remaining space i s  f i l l e d  with "end 
record" so t h a t  t h e  f i v e  physica l  records always contain a 
t o t a l  of 30600 b i t s .  



Table 7.--Six-bit b inary  code used f o r  d a t a  records on t h e  t h i r d  
f i l e  o f  t h e  a rch iva l  tape  

Character Octal  r ep resen ta t ion  Rinary rep resen ta t ion  

0 33 011011 

1 34 011100 

2 35 011101 

3 36 011110 

4 37 011111 

5 40 100000 

6 41 100001 

7 42 100010 

8 43 100011 

9 44 100100 

- 46 100110 

B l  ank 

R 

E 

C 

0 

R 

D 

P 

T 

N 

* U. S. G O V E R N M E N T  P R I N T I N G  O F F I C E  : 1 9 7 3 - - 5 4 2 - 6 & 9 / 4 1  




